(A HEWLETT-PACKARD 9830A CALCULATOR 


OPERATING and PROGRAMMING MANUAL 


HEWLETT-PACKARD 9830A CALCULATOR 


i Coinputer 
Muséum, 


9830A CALCULATOR SHOWN WITH 9866A PRINTER 


HEWLETT-PACKARD CALCULATOR PRODUCTS DIVISION 
Р.О. Вох 301, Loveland, Colorado 80537, Tel, (303) 667-5000 


(For World-wide Sales and Service Offices see rear of manual.) 


Copyright by Hewlett—Packard Company 1973 


MANUAL SUMMARY 


— — —— —— —— —— —— —— Ф —— —— —— —— —— > 


CHAPTER 1: GENERAL OPERATING INFORMATION 
To familiarize the user with the Model 30, various topics are introduced. 


CHAPTER 2: USING THE MODEL 30 KEYBOARD 


The capabilities of the Model 30, strictly as a calculator, are described. Editing 
capabilities are presented. Mathematical topics include variables, trigonometric 
operations, and logical evaluation. 


CHAPTER 3: PROGRAMMING AND PROGRAMMING STATEMENTS 


The programming language, BASIC, is presented. Programming statements are 
individually discussed. Examples, using particular statements, are given. 


CHAPTER 4: PROGRAMMING-RELATED INFORMATION 


Program viewing, editing, and debugging are discussed individually. Useful keys 
and commands, related to these topics, are presented. The Model 30 memory is 
described. 


CHAPTER 5: USING A TAPE CASSETTE 


Tape cassettes are described. Each tape cassette command is individually 
discussed. 


CHAPTER 6: SPECIAL FUNCTION KEYS 
The uses of these keys as typing-aids, as functions, and as programs are discussed. 


APPENDIX A: CALCULATOR AND PRINTER INSTALLATION PROCEDURE 


Initial turn-on and inspection procedures are presented. This appendix should be 
read immediately upon arrival of the calculator and printer. 


APPENDIX B: GENERAL OWNER'S INFORMATION 
Equipment supplied, service information, etc. are all described. 


APPENDIX C: ROM OPTIONS 
Available ROM's are described and a general installation procedure is given. 


APPENDIX D: MODEL 60 CARD READER 
For those who have purchased this accessory, a general description is given. 


APPENDIX E: ERROR CODES 
The error codes and messages are listed along with some additional explanations. 


APPENDIX F: PRINTER OPERATING PROCEDURES 


Printing commands and examples are given. A table, which shows the ASCII charac- 
ters that can be output using the FORMAT B statement, is included. 
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This book is organized both: 


@ With a logical arrangement of topics so that it 
can be read straight through, if desired; and 


е As a reference guide, with major topics 'tab- 
bed' at the right side of appropriate pages. 


The quick index to the right of this page sepa- 
rates the tabbed information by chapter. 


It is expected that the tabbed material will be 
most beneficial as a reference guide to Chapter 3, 
where each program statement is tabbed, and to 
Chapter 5, where each tape command is tabbed. 


Wherever possible, major topics are self-contained; 
that is, it's not necessary to read an entire 
chapter to extract one idea. 


However, since Chapter 1 discusses the special 
features of the calculator, you should understand 
the material in this chapter before going on to 
isolated topics. 
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Chapter 1 
GENERAL OPERATING INFORMATION 


It is assumed here that the Model 30 is set up to operate in your area — if there is any 
doubt whatsoever, please refer to Appendix A of this book. 


FOR USE 


This chapter contains background material for the remaining chapters in this book. 
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— — PREPARING THE CALCULATOR FOR USE ——e- 


There are a few things you should check each time you plan to use the calculator. 


If the calculator is turned off: 


: "E LINE 
€ Set th n Pom 
Set the OFF/ON switch to the ON position OFF (fii ON 


€ When the following display appears, the calculator is ready to operate: 


€ |f the display remains blank, refer to Appendix A for plug-in instructions. 


If the calculator is turned on and the display is blank: 


€ Hold the STOP key down until STOP appears on the display. 

è |f the display remains blank, turn the calculator off, then a few seconds later, 
turn it on again. 

€ If the display still remains blank, refer to Appendix A for plug-in instructions. 


If the calculator is turned on and the display is not blank: 


€ |f you wish to do calculations, just follow the arithmetic rules discussed in 
Chapter 2. 


€ |f you wish to do programming, first check with other users to ensure that 
nothing important is in memory (memory is the term used to denote the area in 
which a user can put pertinent information — such as a program); if there is no 
need to retain the information in memory, turn the calculator off, then a few 
seconds later, on again. This procedure erases whatever was previously in memory. 


-æ CHARACTERISTICS OF THE MODEL 30 ——*- 


THE KEYBOARD — 


A representation of the Model 30 keyboard is shown in Figure 1-1. The keyboard is 
divided into specified areas as described below. 


€ Alphanumeric Keys — This area acts very much like a standard typewriter 
keyboard. If, for instance, you want to display the dollar sign, $, you must have 
the SHIFT key held down when you press (i). It differs from a standard 
typewriter in that letters always appear in upper case on the display. 


v 
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e Numeric Keys — This area conveniently locates a set of numbers to the left of the 
five arithmetic keys. If, however, you feel more comfortable using the other set 
of numbers (in the alphanumeric region), go right ahead. It makes no difference 
to the calculator. 


€ Arithmetic Keys — The standard arithmetic operators, addition, subtraction, 
multiplication, division, and exponentiation, are located here. 


€ Special Function Keys — The keys in the upper left-hand region of the keyboard, 
fo through fọ, add considerable flexibility to the calculator. These keys are 
discussed in Chapter 6, 


@ The rest of the keys in the upper half of the keyboard are helpful in a variety of 
ways. Some are especially useful as editing tools, while others have more specific 
uses, The keys are described, in appropriate places, throughout this book. 


Keys that are the same color have similar operating characteristics. As you become more 
familiar with the Model 30, these similarities will become evident. 


Here are a few more topics related to keyboard operations: 


€ Spacing — In general it makes no difference what spacing you use either in 
calculating or in programming; for example, 4+6 or 4 + 6 are interpreted the same 
by the calculator. There are, however, certain instances when you can set a 
specific spacing for outputting purposes, say, in PRINT and DISP statements, 
which are discussed in Chapter 3. 


@ Repetition of Operations — Most keys, when held down for about two seconds, 
rapidly repeat their operation. With certain editing keys, this is a particularly 
useful feature. 


€ Upper and Lower Case Alphabetics — The display on the calculator shows letters 
only in upper case But if you have a printer with lower case capabilities, 
information can be printed that way; more about that later when the PRINT 
statement is discussed. 


e @ Symbol — If you ever need this symbol, you can obtain it by pressing the 
RESULT key when the SHIFT key is depressed. 

@ =» Symbol — When the display is clear and awaiting inputs, 'i-' is located in the 
left-hand corner of the display; the first character then keyed in replaces this 
symbol in the display. 'i^' also appears at the end of a program line that is 


returned to the display from memory. 


THE DISPLAY — 


Up to 32 characters can appear on the display at any one time. 
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Figure 1-1. The Model 30 Calculator 


Special Function Keys 


-— LINE LENGTH 


Even though only 32 characters can be displayed at any one time, up to 80 characters 
can be keyed into the same expression. After the 32nd character is keyed in, additional 
characters that are keyed in cause the display region to be shifted to the left. After the 
72nd character is keyed in, a soft beep occurs, informing the user that only eight more 
characters can be keyed in. 


Any portion of the line can be reviewed on the display as you will see in Chapter 2. 


—> RANGE 
The calculating range of the Model 30 is —9.99999999999 X 10?? through —I X 10??, 
0, and 1 X 10?? through 9.99999999999 X 10°°. The pictorial representation below 
shows an exaggerated representation of the non-defined (cross hatched) areas. 


0 


—9.99999999999 x 10°° —1 X 107°? 0 1х 107° 9.99999999999 x 10?? 


—> MEMORY 


The calculator has an allocated amount of user memory. The amount of memory is 
expressed in 'words', which is a computer-oriented measuring stick. By keying in a few 
programs and seeing how much (or how little) memory is used by these programs, you 
will soon have a good feel for just how large a program you can input. (For the 
computer oriented, you'll be interested to know that each word is made up of 16 bits — 
two bytes.) The calculator memory is discussed in Chapter 4. 
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(continued) 


ERROR MESSAGES = 


Occasionally the word, ERROR, followed by a number, will appear on the display at the 
same time that the calculator makes a soft beeping sound. This indicates that an error has 
occurred. The number references an error message that helps to pinpoint the cause of the 
error. 


2 
ЕЁ 
aw 
et 
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If an error message appears during an attempt to run a program, the program line іп 
which the error occurs will be referenced, also. 


A complete listing of the error messages appears both on a slide-out card underneath the 
Model 30 and in Appendix E of this book. An explanation of recoverable versus 
non-recoverable errors is given in Appendix E. 


A PREVIEW OF THE KEYS — < > — 


In general, when the CLEAR key is pressed, whatever was previously on the 


BM) display will be erased; but the following exceptions may occur: 


è |f, when the CLEAR key is pressed, the following display appears: 


» 


7 


the Special Function mode has somehow been previously accessed (see Chapter 
6). To get out of this mode and to clear the display, press: 


@ |f the display ‘blanks out’ while the calculator is turned on, hold the STOP key 
down until STOP appears on the display; then you can press the CLEAR key and 
continue inputting. If your display continues to go blank, you may find that your 
printer is not properly attached to the calculator; in this case, see Appendix A. 


@ |f you can't locate your problem and yet you seem to have no control over the 
keyboard, turn the calculator off and then, in a few seconds, on again. (This 
procedure may be the last resort in some cases, though; for if you had previously 
put something into the user's memory area, it is erased by turning the Model 30 
off.) 


Almost every sequence of keys that is pressed to accomplish a goal needs to be 
completed with the EXECUTE key; when this key is pressed, the previous 
instructions to the calculator are performed. One major exception to this rule 
comes about when inputting program lines to memory (see below). Other 
exceptions are keys, such as and емо, which are immediately executed when 
pressed. 


macomxm 


At the completion of each program line that is keyed in, the END OF 
а LINE key must be pressed to put the information in memory. 


Chapter 2 
USING THE MODEL 30 KEYBOARD 


Most keys, when pressed, cause the character or characters represented on the particular 
keys to be displayed. There are, of course, exceptions. As you learn about the various 
keys, it will become apparent why a particular key acts as it does. Three keys have 
already been discussed: 


€ CLEAR — which erases the display; 
€ EXECUTE - which performs the operation indicated in the display; 
ә END OF LINE — which puts program lines into memory. 
in this chapter, several other keys and operations will be discussed. Non-programming 


(calculator mode) applications are emphasized. Many of the tools discussed, however, can 
also be used in the ‘programming mode’ as shown in Chapter 4. 
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When the calculator is turned on, it assumes a 'standard' operating form. The results of 
arithmetic calculations then appear in one of two ways, depending on the size of the 
number, as shown in the following representation: 


1. The form of numbers in this range is +2.22222Е+22. 
2. Numbers in this range appear as commonly written. 


1 2 2 
I JERAN ——————— 


—10,000,000,000 —.01 0 10,000,000,000 


For both the very small and the very large numbers, a scientific (or floating point) 
notation is used, where *Z.ZZZZZE*ZZ corresponds to the mathematical representation, 
iZ.ZZZZZ X 10122. This representation will be discussed in greater detail with the 
subject matter to follow shortly — FLOAT N. 


: —— = 


As mentioned, the calculator initially assumes a 'standard' operating mode. But the 
operating mode can be changed either to 'fixed' or to 'floating' point (as discussed next). 
The standard mode can then be returned if the STD key is pressed. 


If you need specified output formats, either fixed or floating-point notation should be 
used. But for normal calculations, the standard mode is often most convenient since the 
outputs of calculations appear in an easily readable manner. 


(continued) 


2-2 


->e > —9— THE FORMAT KEYS ——9— —9——e——e-— 
(continued) 


Here are the rules that outputs in standard mode follow: 


® No more than 10 digits total can be output, with no more than 9 digits to the 
right of the decimal point; for example: 


9876543210.6 would be output as 9876543211 (notice the tenth digit is 
rounded); and 


.0123456789 would be output as 0.012345679 (at least one digit is always 
displayed to the left of the decimal point; so, in this case, the ninth digit to 
the right of the decimal point is rounded from 8 to 9). 

€ Excess zeros to the right of the decimal point are suppressed; for example: 
32.1000 would be output as 32.1; but 
32.111199999 would be rounded to 32.11120000 (in this case, the zeros are 
output since they were the result of rounding). 


® As shown on the pictorial on page 2-1, numbers outside the range 
[—10,000,000,000 through —.01, 0, 4.01 through +10,000,000,000] are output in 
a scientific notation. The form is the same as float-5 notation. 
Here are some numbers and their output form when standard notation is used: 


Standard Output 


12.03 12.03 

18.7654 18.7654 

15 15 

—832.600 —832.6 
987654321.234 987654321.2 
123456789123.0 1.23457Е+11 
—.0004 —4.00000E —04 


FIXED N — 


Fixed-point notation is commonly used for a variety of problems. In 'fixed-point' the 
user can specify the number of digits to appear to the right of the decimal point; in 
payroll problems for instance, two digits to the right of the decimal point would be 
required — hence 'fixed-2 notation'. This notation can be obtained if you press: 


=) 


Now the results of calculations will appear with two digits to the right of the decimal 
point. For instance, if you press: 


EUNDI) 


The results of other calculations now will appear with two digits to the right of the 
decimal point, also. However, the result of a calculation could be too large to appear in 
fixed-point form. In such circumstances, the calculator reverts to floating-point (in our 
case, it would revert to float-2). Floating-point notation is described at the conclusion of 
the fixed-point discussion. 


macomxm 


B 


macomxm 


Fixed-O through fixed-11 notation can be specified. In each case the numeric indicates 
the number of digits that will appear to the right of the decimal point. (However, in 
fixed-O, since there are no digits to the right of the decimal point, the decimal point is 
omitted.) 


Here's another example. Press: 


+0011) 08| 


Here are some numbers and their output form if, say, fixed-3 notation is used: 


AComxm 


|) 


m 


Fixed-3 Output 


18 18.000 an 
.000006 0.000 Computer 
—2.7531 —2.753 g Museum; 
4.56789 4.568 

1234567891234.5 1.235Е+121 


+ If fixed-point notation is specified and the result of а calculation has more than 12 
digits to the left of the decimal point, the calculator temporarily reverts to floating-point. 
Notice, however, that in this example, three digits are retained to the right of the decimal 
point to parallel the desired fixed-point notation. 


Occasionally a result, slightly different from the expected, may appear on the display; the 
two topics following the floating-point discussion — Significant Digits and Rounding — 
explain these situations. 


-— FLOATN 


Floating-point (often called scientific notation) is a convenient form when the results of 
calculations are either very large or very small. Its form is as follows: 


+22... 2Е+22 


€ The first non-zero digit of a number is the first digit displayed (if the number is 
negative, a minus sign precedes this digit); 


A decimal point follows the first digit; 


@ Some digits follow the decimal point; the amount is determined by the specified 
floating-point form (e.g., in float-5, five digits would follow the decimal point); 


@ Then the character 'E' appears, followed by a sign and two digits — this is the 
exponent, representing a positive or negative power of ten, which indicates the 
direction and the number of places that the decimal point would have to be 
moved to express the number in fixed-point form. 


Here's an example. Press: 


: 5 
e (6) „ОФ Cos jJ 


If the sign following the E is positive (as in this example), then the decimal point can be 
moved to the right the number of places indicated by the exponent (in this case, 4) to 
express the number in fixed-point form. 

(continued) 
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(continued) 


Here's another example. Press: 


Нас о} ole Е 
o 910606] 


отт 


J 


mac 


Since the sign of the exponent in this example is minus, the decimal point can be moved 
to the left three places (as indicated by the exponent ‘03’) to express the number in 
fixed-point form. 


Float-@ through float-11 can all be specified. In each case, the numeric indicates the 
number of digits that will appear immediately to the right of the decimal point. 
(However, in #оаї-0, since there are no digits to the right of the decimal point, the 
decimal point is omitted.) 


Here are some numbers and their output form if, say, float-2 notation is used: 


Float-2 Output 


—3.2 —3.20Е+00 
271 2.71E+02 
26.3777 2.64E+01 
.0004 4.00E —04 
2.4E781 2.40E+78 


+ This entry could be keyed іп by using either of the following two keys: 


(a) or the alphabetic key (Е) 


In numerical inputs, these two keys are interpreted as а floating-point input. For 
instance, the previous example can be keyed in and executed as: 


(2) C )G0 6 Са) (8) 
For the number, 6000, the following entries would all be equivalent: 


0000 e OOS « 000A 


>> <>< SIGNIFICANT DIGITS 


The number of digits output in a calculation depends on the notation that is used. 
However, regardless of the notation, the Model 30 internally retains 12 significant digits 
for the output; that is, it calculates to 12-point accuracy. 


The 12-point accuracy can always be displayed on outputs if either fixed-11 or float-11 
notation is specified. But in any notation, if more than twelve digits are to be output, all 
digits after the twelfth are truncated and replaced by zeros; for example, in fixed-5 
notation, when executed, the number 123456789.56789 (having 14 digits) would be 


displayed as: 


i) 


Notice that the last two digits of the number (8 and 9) are ignored and zeros are 
displayed in their place — since the '7' preceding them was the twelfth significant digit. 


ФФ Ф ФФ ROUNDING -—e9—e9——9— —— ——-——9— 


If the result of a calculation has fewer then thirteen digits, it is rounded if there are more 
digits to the right of the decimal point than the specified notation will allow. The 
rounding is performed as follows: the first excess digit is checked; if its value is 5 or 
above, the digit immediately preceding it is incremented (rounded-up) by one. For 
example, press: 


ea (1) : and oS 


P 


ROUNDING 


macomxm 


The '2' is rounded to '3' since it is the last allowable digit to be displayed in this 
notation and since the digit following it is a ‘7’. Now key in: 


ZIDIHEOIDGOG p 


In this example, the digit checked is the one following the 4. Since its value (2) is less 
than 5, it, together with the following digits, is truncated (rounded-down). 


macomxm 
macomxm 
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The five basic numerical operations and their respective symbols are as follows: addition 
(+), subtraction (—), multiplication (*), division (/), and exponentiation (1). 


CALCULATING —e- 


To perform basic calculations, such as 4 multiplied by 3, simply do the following. Press: 


Soe 


In standard notation, the following result appears on the display: 


The EXECUTE key must be pressed to evaluate any keyed- 
in expression. 


macomxm 


2 


To raise 2 to the third power (2?), press: 


DIOID 


Notice, however, that 2? must be keyed in as 21(-3), that is, parentheses are required to 
separate the minus sign from the exponentiation symbol. 


f 


macomxm 


D 


2, 


To divide 10 by 2.5, press: 


000980 


J 
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ARITHMETIC HIERARCHY — 


In a mathematical expression (which is a sequence of numbers separated by numeric 
symbols), there is a prescribed order of execution; the order of execution, called the 
hierarchy, is the same as the order commonly used in standard arithmetic; it is: 


1. 1 highest precedence 
2. * / 
3. + — lowest precedence 


The order of execution is from highest precedence to lowest precedence. 


When an expression contains two or more symbols at the same level in the hierarchy, the 
order of execution is from left to right. 


The prescribed order of execution can be altered if parentheses are used; operations 
within parentheses are performed prior to operations outside parentheses regardless of the 
hierarchy. Furthermore, parentheses can be nested (i.e., parentheses within parentheses 
are allowed); when nesting occurs, the ‘deepest’ nest is calculated first; e.g., in (b*(4—2)), 
the portion (4—2) is simplified first. 


In the following two examples, the internal step-by-step procedure that the calculator 
goes through, when executing an expression, is presented. By being able to predict the 
order of execution in the calculator, you will be capable of keying in quite complex 
expressions. Here is the expression: 


4*6/2* (3*7) 


1. First, the operation inside the parentheses is evaluated, thus reducing the expression 
to: 
4+6/2*10 


2. Then the calculator looks for the symbol with the highest precedence; since both / 
and * have the same precedence, the calculator evaluates these two operations from 
left to right: 

4+3*10 
4+30 


3. Finally, the addition (having the lowest precedence) is performed; the result is then 
displayed in whatever format was previously specified. In standard notation it would 


appear as: 
\) 


Fortunately, when the EXECUTE key is pressed, the expression is evaluated considerably 
faster than the previous explanation might imply. Here's an expression that is somewhat 
more complex: 


2*343+4 *((5—3)/2+1) 
1. Taken step-by-step, this equation also is easily simplified; first, the expression in the 
most deeply nested parentheses, (5—3), is evaluated: 
2*31344* (2/241) 
2. Then the expression in the remaining parentheses is simplified, and since division is 
above addition in the hierarchy, it is performed first: 
2*313+4*(1+1} 


3. These parentheses are then totally eliminated: 
2*31344*2 


4. Now the operation with the highest precedence in the hierarchy, exponentiation, is 
performed; this reduces the expression to: 


2*2744*2 


5. The two multiplication operations can then be evaluated: 
5448 


6. So if the original expression is keyed in and the EXECUTE key is pressed, the result 
will appear on the display; in standard notation it will appear as: 


E J 


NOTE 


Using parentheses for 'implied' multiplication is not allowed; hence, 
4(5—2) must appear as 4*(5—2). 


2-7 


2-8 


ARITHMETIC —9—9——9 > e+ 


(continued) 


RESULT —— 


An extremely useful key, when performing arithmetic operations, is the RESULT key. It 
has two specific applications: 


е |t can be used to display the numerical value of the last arithmetic statement that 
was executed. Just press: 


oo 


® |t can be pressed during arithmetic operations, allowing you to use the result of 
the last calculation in the current expression. For example, by executing 3*4, 7 is 
displayed; then by pressing: 


9008 


VARIABLES 


macomxm 


The previous result of 7 was divided into 35, leaving a current result of 5. Now 


©8888 J 
[ р 


The previous result (this time, 5) was added twice to the number 6. 
———4 —4«—9 —9——9— VARIABLES —9—9— co —— 


Often it is convenient to assign values to letters and then use these letters in expressions. 
In programs a letter can have its value constantly updated — hence, the term 'variable'. In 
some cases a letter (variable) is used as an intermediate storage device; for instance, to 
keep the current summation of a group of numbers being added together. Other times, a 
variable in a particular formula may have several different values inserted into the 
formula to determine what effect these values have on the result. A letter can also be 
used for convenience; just as л is used to designate the value 3.14159265. .., an equally 
cumbersome number that you are using over and over can be designated by a letter. 


SIMPLE VARIABLES — 
On the Model 30 the following simple variables are allowed: 


e Any letter — from A through Z. 
€ Any letter immediately followed by a digit — from @ through 9. 


For instance, acceptable simple variables are: ВЗ, С, HØ, M, M9, Y. 
In all, 286 simple variables are allowed. 


In either the calculator or programming modet, simple variables can be assigned values. 
Below, two variables are assigned values. Press: 


WOCO; зав (в) (=) (0 (2) ur 


In the assignment statement, the variable name appears first, followed by the equals sign, 
and then the value assigned to the variable. 


mazomxm 
acomxm 


т 


The variables A3 and В now аге assigned the values 72 and 12, respectively. If we press 
the keys shown below and then press the EXECUTE key, in standard notation the 
following displays will appear: 


(OG Cs 0 
000 С В 
906 J 


In these examples, the variable names are keyed into the arithmetic expressions and when 
the expressions are executed, the previously assigned values for the variables are used. So 
the first example is really just 72/12. 


Variables can be reassigned values, either indirectly or directly; for instance, to reassign B 
equal to 13, press either: 


209901 « 0000 


Then in any additional arithmetic expression, B is equal to 13. 


m 


macomxm 


| maco 


ARRAY VARIABLES — 


Another type of variable is the array variable. To use array variables in the calculator 
mode, you must ‘initialize’ the calculator as discussed on page 4-14. Arrays become quite 
useful in the programming mode, especially when manipulating matrices. Array variables 
can be either one or two dimensional; for instance: 


€ A(3) is a one-dimensional array, containing up to three specific items — A(1), 
A(2), and A(3); 


€ A(3,3) is a two-dimensional array, containing up to nine specific items — A(1,1), 
A(1,2), А(1,3), A(2,1), A(2,2), A(2,3), A(3,1), A(3,2), A(3,3). 


(continued) 


T The ‘calculator mode’ refers to non-program ming operations whereas the ‘programming mode’ refers to programming 
Operations. 
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(continued) 
On the Model 30 the following array variables are allowed: 


€ Any letter — from A through Z — followed by 


е Either one or two numbers enclosed within parentheses (where 256 is the 
maximum size of either number). 


When two numbers are enclosed within the parentheses, they must be separated by 
commas. 


Arrays will be discussed more completely on page 3-36. 


—— > —9- EDITING IN CALCULATOR MODE ——> —— 


In the 'calculator mode' (that is, for non-programming operations), several editing keys 
are available. But before these keys are discussed, a brief introduction to the operating 
characteristics of the display is needed. 


The calculator, by necessity, keeps track of where it is located on the display with a 
mechanism, which we will refer to as a 'pointer'. The pointer determines the location of 
the next character to be keyed in. 


During normal keyboard operations, with characters being keyed into the display from 
left to right, the pointer isn't visible to the user. But, when the normal left to right 
sequence is altered, the pointer becomes visible. For, when the pointer is located at a 
previously keyed-in character, the character space flashes alternately with the character 
that's there, 


The editing keys are as follows: 


€ (»«) which moves the pointer one character space to the left each time it's pressed 
(until the leftmost portion of the display is accessed). 


€ (ow which moves the visible pointer one character space to the right each time it's 
pressed (unti! the pointer becomes invisible). 


e which opens up a character space immediately to the left of the visible 
pointer. 


e OL deletes the character space where the visible pointer is located 
(SHIFT must be held down when INSERT is pressed). 


Each of these keys, when held down for about two seconds, will rapidly repeat its 
Operation. 


Here's an example using these editing keys: 


COCOGOGOGOCG) G) CO (9) (8) 


Now let's add the two quantities: —1234 
+56789 


Press the keys: 


So we have to add a minus sign in front of the 1, delete one of the 3's and put a plus 
sign in front of the 5. 


a) 


b) 


c) 


d) 


First let's locate the pointer at the leftmost character space. Press С) and keep it 
held down unti! the pointer is located at the 1. (Since the pointer cannot move 
past this location, it must stop there.) 


Now press (se), A character space opens up to the left of the 1. The minus sign 
can then be keyed in. 
T 


Now press fxs twice. This locates the pointer at the first 3, which can now Бе 
deleted by pressing the keys — SHIFT INSERT. This deletes both the 3 and the 
character space. (With the pointer located at the first 3, the space bar could have 
been pressed to delete the 3; however, the blank character space would have 


remained.) 
D 


The pointer is now located at the remaining 3. To put a plus sign between the 4 
and 5, it is necessary to press ё twice; this locates the pointer at the 5. Then 
press (s), А space is opened up to the left of the 5. The plus sign can then be keyed 


in. » 


The expression can be immediately executed regardless of the pointer's position. 


wee aes E 


macomum 
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—^9————9— ADDITIONAL KEYS — > > —— 


In the calculator mode, the following keys also can be used: 


€ (=) which, for displays of greater than 32 characters, allows you to review the 


beginning of the display. 


® (=) which, for displays of greater than 32 characters, allows you to review the end 


of the display. 


® 5j which allows you to review the previous expression or key sequence that was 


executed. 


€ emay which allows you to keep a printed record of whatever you're doing. 
€ (wc which erases memory. 


in the following paragraphs, these keys are discussed in detail. 


(continued) 


T The arrow shows the position of the blinking indicator. 


Cáfnpüter 
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(continued) 


c 
With these two keys, an input of up to 80 characters can be viewed on the 32-character 
display. 


Key in the following expression, which repeats each numerical digit eight times: 


11111111+22222222+33333333+44444444+55556555+66666666+77777777+88888888+99999999 


МОТЕ 1 МОТЕ 2 
Note 1: 


Notice that when the fifth '4' is keyed in, the 32-character display has been filled. Each 
additional! character then pushes the display region one character space to the left, thus 
eliminating the leftmost character from the display. 

Note 2: 

Notice also that when the last ^*' sign is keyed in, the calculator makes a soft beeping 
sound, informing the user that 72 of the allowable 80 characters have been keyed in. 


After the last ‘9’ has been keyed in, the display looks like this: 


To view any other portion of the expression, hold (=) (the right arrow) down for a few 
seconds; the display region is rapidly pushed to the right. When the portion of the 
display that you want to see is visible, just release this key. If you are at the end of the 
display and you want to view the beginning, just hold down for about five seconds 
and the beginning of the display should be visible; it doesn't matter if you hold the key 
down longer because once the leftmost 32 characters are displayed, (>) has no more 
effect. 


To view the end of the display, you can use C=] (the left arrow). It performs the reverse 
operation of the right arrow. When is pressed, the display region is pushed to the 
left. 


Of course, either key can be used to shift the display region one character space at a 
time. So to push the display region three spaces to the right, just press three times. 


In all cases after the eightieth character has been keyed in, it is impossible to input an 
eighty-first character. But the expression can be executed at any time; in this case, the 
result is: 


When the RECALL key is pressed, the last thing that was executed by the calculator is 
recalled to the display. The original expression can then be viewed, edited and 
re-executed if necessary. For example, press: 


GX9COCOCU)COCO GO COGO) 


2-13 


If you execute this expression, the display will read: 


J 
A quick check of the error codes shows that a right parenthesis is missing from the 
expression. If is then pressed, the original expression is recalled to the display: 


Then the corrected expression can be executed: 


oe: 
The PRT ALL (Print-All) key is used to obtain a printed record of your operations. 


In the calculator mode with print-all in effect, everything in the display that is executed 
is recorded on the printer. The result of the execution is also printed. 


Pressing 6*3 either establishes or cancels print-all: 


е |f ON appears in the display, print-all is established. 

e |f OFF appears, print-all is cancelled. 
By pressing a second time, the ON or OFF designation is reversed. 
If the printer isn't connected to the calculator, be sure print-all is OFF; otherwise, the 
display will ‘blank out’ when the EXECUTE key is pressed (if this occurs, hold the STOP 
key down until STOP appears on the display to regain control of the calculator). Printer 
plug-in instructions are located in Appendix A of this book. 


Here are some examples with print-all ON: 


Keyboard Entries Printouts 


с 


а 

9oooOooU 
ES 

«еее 
n 


T 
Е 
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(continued) 


Ср > 


Different portions of memory can be erased with the following variations of the 


SCRATCH command: 


macomxm 


[programs on Special Function keys (see Chapter 6) are not affected]. In 


erases all variables from memory and program lines from mainline memory 
| many cases, this command effectively erases all the memory. 


E а - 
тя (a) t | erases all of memory; it is the same as turning the calculator off and then 
E 


№: 
U 
A 
E 


FUNCTIONS 


-comxm 


=) 


macomem | 


anes 


on again. 


erases the values of all variables. 


erases all Special Function keys. 


Беко CEI erases the particular Special Function key that is pressed. 


FUNCTIONS —9—9——9— oo —9-— 


The following paragraphs describe the mathematical and trigonometric functions in the 


Model 30. 


MATHEMATICAL FUNCTIONS — —— 


The following mathematical functions can be executed: 


ABS (expression) T 
EXP (expression) 


INT (expression) 
LGT (expression) 
LOG (expression) 


RND (expression) 


determines the absolute value of the expression; 


raises the constant, e, to the power of the computed 
expression; 

gives the expression an integer value < the value of the 
expression; 

determines the logarithm of a positively valued expression 
to the base 10; 


determines the logarithm of a positively valued expression 
to the base 'e'; 


gives a random number between @ and 1; the expression is 
a dummy argument; 


t Throughout this text, the word ‘expression’ includes constants (like 43.2), variables (like A), expressions (like 
43.2*A), and other functions (like INT A). 


SGN (expression) returns a 1 if the expression is greater than zero, returns a 
Ø if the expression equals zero, or returns a —1 if the 
expression is less than zero; 


SOR (expression) computes the square root of a positively valued expression. 


In general, it is wise to separate the expression by parentheses although parentheses are 
optional if the expression is either a positive constant, a variable, or another function. 


As can be seen by the examples to follow, most of these functions are relatively easy to 
use; however, the RND function warrants the additional explanation given it. 


In the standard mode, execute these key sequences: 
2000/00000 


which gives a positive value to the expression. 


which is the value of the constant, e, raised to the first power. 


` 50°. 


0100051096900 . 


The integer value returned must be less than or equal to the result of the 
expression. So for a result of 25.2, 25 is returned; whereas for a result of —25.2, 
—26 is returned. 


асое 
(0690 


LGT is used for determining logarithms to the base 10, whereas LOG is used for 


determining logarithms to the base 'e' (natural logs). The following key sequences 
show how the result of an expression can be determined if logarithms are used. 


Here's a practical example. Suppose we wish to solve for X, where 
Х=144111/121198, This equation cannot be solved by using regular mathematics, 
since the range of the calculator would be exceeded. But this equation can be 
solved by using logarithms and their mathematical rules. Using Y-log4o X, key in 
and execute: 


Y=111*LGT144—108*LGT121 
Then to solve for X, execute: : 
X-101Y LL 


(continued) 
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(continued) 
Whereas using Y=log, X, key in and execute: 


Y=111*LOG144—108*LOG121 
Then to solve for X, execute: 
X=EXPY 


- ООС 


A random number between @ and 1 is displayed each time RND x is executed. 


Often it is useful to have random numbers appear as integers that are within a 
certain range. For instance, random integers from @ through 999 are output if 


you execute: 


0009000900000 


Now each time this expression is executed (this is easily accomplished if you press 


— RECALL EXECUTE), a new random number is generated. 


Each time the calculator is turned on, the random number generator uses the 
same 'seed' (that is, the number upon which the sequencing is based). This causes 
the sequence of numbers to be the same each time the RND function is initially 
used. But you can avoid the repetition if you put in your own 'seed'. This is 


accomplished by executing: 


СЕ ССО) 


The negative sign causes the seed to be changed while the number input for 'n' 


becomes the new seed. 


Some seeds do make better random number generators than others. To obtain a 
good seed, n should be a number between Ø and 1; the more digits the number 
has, the better — up to 11; and it is often preferable to make the last digit either 


а 1, 3, 7, or 9. 


Here’s an example of a good seed. Execute: 


оссовеоввовеасеаоое 


Now that the seed is generated, random numbers can once again be obtained by 


the method previously discussed. 


The seed that the Model 30 itself uses is: 2—7/2 . 


+ where ' X' can be any positive number. The positive number used has absolutely no effect on the random number 


that is generated. 


(5) (<) (006900) LL iJ 
(5) (8) (м) (0) (8200 C71 i) 


Since the result of 6*7 is positive, a '1' is returned; and since the result of —6*7 
is negative, a '—1' is returned. 


29000090 ( 11 i) 
(s)()00C0C) COGO CU Q) 


For the square root of a negative number is an ‘imaginary’ number. 


-— TRIGONOMETRIC FUNCTIONS 


The foliowing trigonometric functions can be executed: 


SIN (expression) + which determines the sine of an expression. 

COS (expression) which determines the cosine of an expression. 
TAN (expression) which determines the tangent of an expression. 
ATN (expression) which determines the arctangent of an expression. 


The angle is always assumed to be in radians, unless otherwise stated. However, the angle 
can be expressed in any of the following three ways: 


DEG which calculates angles in degrees. 
GRAD which calculates angles in grads. 
RAD which calculates angles in radians. 


When one of these three forms is specified, all calculations assume the specified form. 


To revert to one of the other two forms, it is necessary to execute the desired 
mnemonic. 


Then, if all the memory is erased or if the calculator is initialized (see page 4-14), radians 
are once again assumed. 


The value of т can be obtained if you key in: 


(e) C) When an expression encounters this, 3.14159265360 is assumed. 


(Continued) 


T Like the mathematical functions, it is generally wise to separate the expression by parentheses although parentheses 
are optional if the expression is either a positive constant, a variable, or another function. 
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(Continued) 


Here are some examples; execute the following key sequences: 


Sao Ge 
00000200 


The last result approximates positive infinity. Now to compute angles in degrees, execute: 


aag 
особова 
SOOO 
GIGIOOSgIOIOO/O 


The arcsine and arccosine functions are not directly obtainable on the Model 30. 
However, they can be easily obtained by using the following formulas — where x is the 
point at which the function is evaluated. 


Arcsine x=ATN(x/SOR(1—x42)) 
Arccosine xzATN(SQR(1-—x12)/x) 


Here's an example; with the calculator still in degrees, the arcsine of .5 can be 
determined if you execute: 


G)00C0COCOG2OCO (@) GO COCO CO CO G2 02 20) 0) 
Е | J 


MATHEMATICAL HIERARCHY 
When functions are included in the arithmetic hierarchyt, they have the highest 
precedence. So the order of execution is as follows: 


1. Functions highest precedence 
2. Exponentiation 

3. Multiplication, Division 

4. Addition, Subtraction lowest precedence 


All other rules affecting the order of execution remain the same. 


4 The arithmetic hierarchy was presented оп page 2-6. 


>.> > +> > LOGICAL EVALUATION ——e— —e— oo 


In logica! evaluation, expressions? can be compared by using relational operators and/or 
logical operators. If the comparison is ‘true’, the value ‘1’ is returned; if the comparison 
is ‘false’, the value ‘Q’ is returned. 


-- RELATIONAL OPERATORS 


These operators are used to determine the logical relationship between two expressions. 
They are as follows: 


equality = 


inequality # ог < > cäfpúter, 
greater than > Muséum: 
less than < 
greater than or equal to = 
less than or equal to <= 


The equals sign is also used in assignment statements as shown on раде 2-9. In 
assignment statements, the variable is to the left of the equals sign and the value to be 
assigned to this variable is to the right of the equals sign. If the equals sign is used in 
such a way that it might be either an assignment or relational operator, the Model 30 
assumes it is an assignment operator. 


Here are a few examples using relational operators: 


First let's assign values to the variables A, B, C, and D. Execute: 


(a) 
(в) (=) 
(е) (=) 
(©) (=) 


Now execute these logical expressions: 


< 


ООО 


— 


A<B which is true, so 1 is displayed. 
B<A which is false, so Ø is displayed. 
B#C which is true, so 1 is displayed. 
C#D which is false, so @ is displayed. 
3=C which is true, so 1 is displayed. 
4=A which is false, so @ is displayed. 
А=4 which is an assignment statement and not а logical statement; so А is 


assigned the value of 4. 


Relational operators are very important in programming, especially when used in the IF 
statement, discussed on page 3-9. 


+ An expression can be a constant (like 7.2), a variable (like В), or an arithmetic expression (like 7.2*SOR6). 


L4 < Sa 
$ # corresponds to a shifted | 3 /; < corresponds to a shifted c and 7 corresponds to a shifted E). 
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(Continued) 
LOGICAL OPERATORS -*- 
The logical operators are as follows: 
AND 
OR 
NOT 


€ AND compares two expressions. If both expressions are true, the result is true. If 
one or both of the expressions are false, the result is false. 


@ OR compares two expressions. If one or both of the expressions is true, the result 
is true. If neither expression is true, the result is false. 


€ NOT changes the logical value of an expression. If the expression is true, NOT 
changes it to false. If the expression is false, NOT changes it to true. 


As stated earlier, if the result is true, a 1 is returned; if the result is false, a is returned. 


The expressions that the logical operators compare can be either relational or 
non-relational: 


e |f the expression is relational (like A«B), its true or false designation is 
determined by the particular relational value. 


€ |f the expression is non-relational (like A), it is true if its arithmetic value is not 
equal to zero; it is false if its arithmetic value equals zero. 


Here are some examples; first let's assign values to the variables A, B, C, and D. Execute: 


AEC) 
(=) (=) (2) 
0100 
DOS 


Now execute these logical expressions: 


A«B AND C-D 
Since both relational expressions, A«B and C-D, are true, the result is true and a 1 is 
displayed. 
A AND C=D 


The expression, A, is false since its arithmetic value equals zero. The expression, C=D, is 
true. But since AND requires that both expressions be true to return a true result, the 
result is false and a @ is displayed. 


AORB 


The arithmetic value of A is zero (false) while the arithmetic value of B is two (true). 
Since at least one of the expressions is true, a 1 is displayed. 


A OR C-D 


Both arithmetic expressions have a value of Ø (false). So a Ø is displayed. 


NOT A 
Since A is false, NOT A is true and a 1 is displayed. 


NOT B OR NOT C 


Since the arithmetic values of B and C are both non-zero, they are both true. Therefore, 
NOT B and NOT C are both false; so a @ is displayed. 


> 9 —9- TOTAL MATHEMATICAL HIERARCHY ——e— —e- 


The hierarchy presented below includes the relational and logical operators discussed in 
the previous section. 


Functions highest precedence 
^ 

NOT 

* / 

E «= 

Relational Operators 

AND 

OR lowest precedence 


As mentioned before, for operations at the same level in the hierarchy, the order of 
execution is from left to right. 


All operations enclosed within parentheses are performed first, thus altering the normal 
order of execution. 
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TOTAL 


я 
> 
от 
но 
ar 
= < 
ше 
mE 
ART 
= 


EI 
< 
2 
9 
Ez 
a 
а 
< 


FEATURES 
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—— M9 <_< ADDITIONAL FEATURES —> <> co 


In the calculator mode, a few additional features are available. 


SIMULTANEOUS CALCULATIONS —— 


It is possible to execute several expressions simultaneously if the expressions are 
separated either by commas or semicolons. 


For instance, if the diameter of a circle is 12 units (d=12), both the area (zd? /4) and the 
circumference (7d) can be solved simultaneously by executing: 


s 


j ) 


More than two expressions сап be solved simultaneously; however, since only 32 of the 
allowable 80 characters can be displayed at once, it may be necessary to hold C&D, the 
left arrow key, down to view all the results. 


The only difference between separating the expressions by commas or semicolons is that 
semicolons generally cause the results to be 'packed' together while commas cause the 
results to be 'spread' apart. 


PRINT, WRITE —— 
The PRINT statement and the WRITE statement are two important program statements. 
But they can also be used in the calculator mode, to have the results of calculations 
printed. 


Execute the following example: 


PRINT 222*11, 528*8 


The printout will be: 


An advantage to using the WRITE statement is that you can select the device you want 
to output on. The primary printer has select code 15 assigned to it. But if you have a 
secondary printer, it would have another select code, say, 8. Then either printer could be 
specified in the WRITE statment as follows: 


WRITE (15,*) 222*11, 528*8 
or 
WRITE (8,*) 222*11, 528*8 


T See page 3-4 and 3-21. 


Chapter 3 
PROGRAMMING & PROGRAMMING STATEMENTS 


The programming language, BASIC, is used in the Model 30. In this chapter, the BASIC 
statements are individually discussed. 


The following information is for the experienced BASIC user: 


PROGRAM 
WRITING 


Before discussing each statement, a quick introduction to writing and running a program 
will be presented: 


———9 <-> <> PROGRAM WRITING —9—9— —9——9-——e-— 


A program is a set of instructions organized to accomplish certain tasks. It is organized 
by lines (statements) with each statement preceded by a unique line number. 


Line numbers must appear in the program in ascending order for 'bookkeeping' purposes. 
However, in the Model 30, you can type program lines in any order because lines are 
automatically sorted as they are entered. Line numbers 1 through 9999 are allowed. 


Program lines can be a maximum of 80 characters in length. In general, any spacing 
between characters that you use is totally arbitrary. For the calculator inserts appropriate 
spacing into each line that is entered into memory to make the line easily readable upon 
review. Only in quote fields and REM statements (discussed later), will the spacing 
necessarily remain exactly as it was input. 
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————e9-—9 —M9— <> PROGRAM WRITING —e—9— —e— —e9— —e-— 


(continued) 


After each line is written, it is entered into calculator memory when the END OF LINE 
key is pressed. 


Normal program execution proceeds from the lowest-numbered line to the 
highest-numbered line. However, the order of execution can be altered by some of the 
statements discussed later. 


Flowcharting techniques are often valuable aids to program writing. They are discussed at 
the end of this chapter where an example program is flowcharted. 


———e9 —9 —9 < PROGRAM EXECUTION <<. <--> 


If a program has been correctly keyed in and is the lowest-numbered program in 
memory, it can be executed by pressing: 


ző 
ao 
ct 
o2 
ot 
Ех 
eu 


A 


If the program is operating properly, it will perform the required tasks and then halt. 
However, you can halt a program that is running if you press: 


(=) 


However, if the program is waiting at an INPUT statement (discussed on page 3-8), press 
— STOP EXECUTE — instead. 


In Chapter 4, all the programming related commands are discussed. 
The rest of this chapter discusses each BASIC statement, 


At the end of this chapter, the syntax requirements of all the BASIC statements are 
presented. These syntaxes are intended primarily for the advanced programmer. 
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— <-> <> ASSIGNMENT —9—9— —9— > 


In many BASIC languages, this statement is called the LET statement. But т the Model 
30, the mnemonic, LET, is optional; so it is referred to simply as an assignment or 
‘implied’ LET statement. 


This statement can assign a value to both simple and array variables.+ The value assigned 
can be another variable, a constant, or an expression. 


An equals sign must be used to separate the variable (to the left of the equals sign) from 
its assigned value (to the right of the equals sign). 


Examples 


ASSIGNMENT 


Lines 15 & 25: The simple variables, G and T, are assigned constant values. 


Line 35: The expression, G*Tt2, determines the value of D. The variables, С and T, 
must have assigned values for the statement to be executed. 


Line 45: |n one statement several variables can be assigned the same value. This is a 
useful technique for initializing variables in the beginning of a program. 


Line 55: The variable, X, is set equal to its old value plus 1. This type of statement can 
function as a 'counter' in a program to determine how many times certain operations are 
performed. 


Line 65: The array variable, U(2), is assigned the value of 1. Since the array variable is 
less than U(11), it need not be dimensioned (see page 3-36 for dimensioning rules). 


Lines 75 & 85: The variable, A, is assigned the value of.the variable, G. Both statements 
are equivalent. The word, LET, is optional and can be used in any of the statements 
discussed. 


T И an array variable is used, it must be properly dimensioned; see page 3-36. When array variables are input, 
parentheses are used, as in A(3). However, these parentheses are converted to brackets as in A[3] when the line is 
entered into memory. 


PRINT 
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—— ------ PRINT + ---- - — 


The PRINT statement can cause various outputs on the printer: 


€ Text can be printed in any form you want. 
€ The values of variables, expressions, and constants can be printed. 
ө Printer lines can be skipped to separate outputs. 


Any text that is to be printed must be enclosed by quotation marks; e.g., “ABCDE”. The 
information within the quotation marks is often referred to as a quote field. 


Several variables, expressions, and constants can be included in the same PRINT 
statement as long as they are separated by commas or semicolons, The difference 
between commas and semicolons is shown in the examples. 


Text can also appear in a PRINT statement with variables, expressions, and constants. 
Aside from the quotation marks, no additional punctuation is necessary when separating 
text from other information. М neither the comma nor the semicolon is used, the 
semicolon is assumed. 


Examples 


Lines 13 & 15: , Variables must have assigned values before being used in a PRINT 
statement. 


Line 17: The quote field is printed exactly as seen. Spaces are not ignored in quote 
fields as they are in other places. The semicolon between the quote field and the variable, 
X, is not needed since a semicolon would have been assumed anyway. The variable, X, 
must have an assigned value or an error occurs when the program is run. With X=3 when 
the program is run, the printout is: 


Line 27: This statement tells the printer to skip a line before doing any more printouts. 
Additional printouts can then begin on the following line. 


Lines 37 & 47: A variable, a quote field, and an expression are all designated in each of 
these PRINT statements. Ending the first of two PRINT statements with a semicolon (as 
in line 37) causes both printouts to appear on the same line. Here is the printout: 


A comma could be used instead of the semicolon. But then the printout would be: 


Without any punctuation at the end of line 37, the printout would be: 


Lines 57 & 67: Both constants and variables are printed. The only difference between 
the two statements is that in line 57 the different items are separated by commas, 
whereas in line 67 they are separated by semicolons. Here are the two printouts: 


When only commas are used (as in line 57), successive printout fields are 15 character 
spaces apart and as many as five values can always be printed on the same line. 


However, when semicolons are used, as in line 67, the values are 'packed' together in the 
printout. As many as 12 values can be output on the same line (with a field width of 6 
character spaces per value) if semicolons are used. But if any value requires more than 4 
character spaces (remember, one space is always allocated to the sign), the number of 
available fields per line is reduced. 


Line 77: A long line of text is combined with variables and an expression. The printout 


üF 3 SHPREH PLUS 4 ЦАРЕЙ ЕА - 


The maximum printout per line using the PRINT statement is 72 characters. 


Each value output by a PRINT statement is left justified within its respective field (with 
the left-most character space reserved for the sign). 


The same rules that apply to outputs of keyboard calculations if the standard format is 
used (see page 2-1) also apply to outputs from the PRINT statement. 


If your printer has a lower-case character set: 


Lower-case characters can be output as text within a quote field if they 
are keyed in with the SHIFT key held down. Text in WRITE and 
FORMAT statements (discussed beginning on page 3-21) performs in the 
same way. 


The PRINT statement can only access the printer with select code 15. Be certain that 


your primary printer is set at this select code. (Most printers are shipped to the customer 
with select code 15 set.) 


3-5 


DISP 
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~> + + + + + DISP e+ + + + —— 


The DISP (Display) statement operates like a PRINT statement except that the outputs 
appear on the display rather than on the printer. 


Three advantages of using the DISP statement are: 


€ |f you don't have a printer, you can still run programs. 

€ |n many programming applications, various operations are performed over and 
over; in these cases, the DISP statement is a good tool for viewing the changing 
values of variables — without having to use printer paper and by taking less time 
than it takes to print the information. 

€ It’s extremely useful in labeling INPUT statements (see page 3-8). 


Two advantages of using the PRINT statement are: 


e Permanent records of the outputs can be obtained. 

€ For output lines greater than 32 characters in length, not all the information can 
appear on the display at the same time, whereas the same information can appear 
on one printed line. (The DISP statement could still be used, however, if the 
program ends with the display still visible; then C«2, the left arrow key, could be 
held down to view the end of the display.) 


Examples 


Lines 29, 39, & 49: These statements merely show that the same operations that are 
allowed in a PRINT statement are also allowed in a DISP statement. The spacing between 
fields would be the same with either PRINT or DISP. Here are the three displays: 


NOTE 
These lines are not meant to be run as one program. If they were, lines 29 
and 39 would appear on the display for just an instant. If, in a program, 
you wish to have two or more successive displays, the WAIT statement 
(see page 3-17) can be used to prolong each display. 


If the last visible output in a program results from a DISP statement, the display remains 
even after the program is completed. 


> «M M <-> STOP, END ——9— —9— —9— —9— —9— — 


Either the STOP or END statement can be used to terminate program execution. The 
statements can be located in any portion of the program. 


The only difference between the two statements is as follows: 


@ When STOP is encountered, the program halts and the current position of the 
program line counter? is retained. 

€ When END is encountered, the program halts and the program line counter reverts 
to the lowest-numbered statement in memory. 


The CONT (Continue) key is discussed on page 4-4. When the keys — CONT EXECUTE 
— are pressed, the calculator will begin execution at the position of the program line 
counter. So if a STOP statement is encountered, the program halts. The values of 
variables can be checked. Then the program can be continued, as though it had never 
been halted, by pressing: CONT EXECUTE. 


Examples 


(press: CONT EXECUTE) 


Lines 10 through 50: If this program is run, lines 10 through 30 are executed; the 
program halts after the STOP statement with the program line counter positioned at line 
40. If the keys — CONT EXECUTE — are then pressed, lines 40 and 50 are executed. 
The program halts after the END statement with the program line counter repositioned at 
line 10. 


If line 30, in the previous example, had been an END statement, line 40 still could have 
been accessed by pressing: 


: 
0/0) 


xm 


macom 


But to have the program halt during, say, а РОК... NEXT loop (see page 3-12) and 
then to be able to continue as though it had never been halted, the STOP statement must 
be used. 


The two keys, [+r] and | so |, cannot be used as program statements. 


* The 'program line counter' is an internal device used by the calculator to determine the order of program execution. 


STOP, END 


INPUT 


——34——4»——4——49——4— —9— INPUT + —e —e —9 —9- Ф 


The INPUT statement allows variables to be assigned values from the keyboard during 
program execution. 


When the INPUT statement is accessed, a ‘?’ appears on the display. A value can then be 
input for each of the variables designated in the INPUT statement. For instance, in the 
statement: 


One value must be assigned to each of the four variables. 


Values can be assigned individually or in groups. For instance, the values, 1, 2, 3, and 4, 
can be assigned as: 


macomxm 
macomxm 
macomxm 


UEM d 
| 
OI T o 


Or as: 


0100900001 


macomxm 


In the first case, the ‘?’ will reappear on the display after each input until all four values 
are input. 


In the second case, all four values are input together. The values can be separated either 
by commas or by semicolons. 


In both cases the values, 1, 2, 3, and 4, are assigned to A, B, C2, and D(3), respectively. 


Examples 


Line 12: The simple variables, D, D1, and D2, are to be assigned values. When more 
than one variable is designated in an INPUT statement, the variables must be separated 
by commas. 


Line 22: The array variables, D(1) and D(2), are to be assigned values. Since the array 
variables are less than D(11), they need not be dimensioned (see dimensioning rules on 
page 3-36). i 


Lines 32 & 42: By ending line 32 with a semicolon, the text, R EQUALS, will be 
displayed together with the next display in the program, which is the ‘?’ from line 42. So 
the display will be: 


Т Either the EXECUTE or the END OF LINE key can be pressed to assign values to variables in the INPUT statement. 


Then the variable, R, in line 42 can be assigned a value. 


When a program encounters an INPUT statement, a '?' appears on the display and the 
program waits for values to be keyed in. If you prefer to terminate the program at this 
point, press the keys: STOP EXECUTE. 


The IF statement contains an expression and another line number. First, the expression is 
logically evaluated. If it is evaluated as ‘true’, the program continues execution at the 
specified line number. But if the expression is evaluated as 'false', the program continues 
execution in its normal sequence with the statement following IF. (Logical evaluation is 
discussed in Chapter 2, beginning on page 2-19.) 


Examples 


v THEH 


Line 1: For all of these examples, let's assume that X=3.01 and Y=23. 


Lines 22 through 42: The IF statement in line 22 is evaluated as 'false' since 3.01 is not 
equal to 3. So the following statement, line 32, is accessed. This IF statement is then 
evaluated. Since the integer value of 3.01 equals 3, the statement is evaluated as ‘true’. 
So the program continues execution at line 222. 


Lines 313 through 333: Since Y is greater than X?, the IF statement in line 313 is 
evaluated as ‘false’. So instead of accessing line 333, the program continues execution in 
its normal sequence with line 323. Line 323 is logically evaluated as 'true' since Y has a 
non-zero value. So the program continues execution at line 363. 


Lines 404 through 474: Since both X and Y have non-zero values, line 404 is evaluated 
as 'true' and program execution is transferred to line 424 where the values for X and Y 
are printed. Line 434 checks to see if Х+Ү is less than or equal to 10. The evaluation is 
‘false’ so program execution continues at line 444. The value of Y—X is computed and 
displayed. Then the program stops at line 454. 


Avoid unnecessary punctuation; for instance: 


Маз» THEN 142 


The сотта is not allowed here. If it’s inadvertently keyed in, ERROR 24 occurs. 
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GOTO 


— ^» —49-—9 — —9—9— GOTO ——9 2. —9 —9-—^-— —9— 


The GOTO statement is used to alter the normal sequence of program execution. The 
program continues execution at the line number specified in the GOTO statement. 


Examples 


Example No. 1: This program ‘loops’ (repeats part of itself) several times until the IF 
statement, line 21, is no longer true; that is, until AT22:1000. If At2<1000, the variable, 
A, is incremented by 1 in line 51. Then the GOTO statement, line 61, is executed 
causing the program to loop back to line 21. 


Example No. 2: The GOTO statement in this program causes the program to loop 
between lines 115 and 130. This is a 'closed loop'; that is, there is no program statement 
in the loop that can cause the loop to be exited. So to halt this program, press the STOP 
key. 


Line numbers in GOTO statements must be constants; statements like, 15 GOTO P, are 
not allowed. Furthermore, the line number specified must be in memory when the 
program is run or else an error will occur. 
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—— —*-—«— —9—9—9— —9— REM —9—9— —9——9— —9— —9——e9- 


The REM (Remark) statement is merely a note to the programmer and is not executed 
by the program. However, the statement does appear on a program listing. 


Any series of characters can follow REM, the only restriction being the maximum line 
length of 80 characters. 


Examples 


FOR 


NEXT 
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The FOR and NEXT statements allow for the controlled repetition of a group of 
statements within a program. 


The FOR and NEXT statements form a loop with the statements between them in a 
program. The FOR statement defines the number of times the loop is to be performed. 
For example: 


This РОВ... NEXT loop would be executed five times: when 1=1, 2, 3, 4, and 5. Each 
time the NEXT statement is executed, the value of | is incremented by one. If І is less 
than or equal to 5, the loop is executed again. But when the value of | passes the final 
value, that is, when 1-6, the statement following the NEXT statement (in this case, line 
110) is accessed. 


The advantages of using FOR ... NEXT rather than IF can be shown in the following 
simple example where the numbers 1 through 100 are to be displayed in succession: 


Using IF Using FOR... NEXT 


PCS OV UD 
ры uu 


In the example the program is easier to key in, takes up considerably less calculator 
memory, and executes much faster if the РОВ... NEXT loop is used. 


Examples 


Example No. 1: The initial value of the variable assigned in the РОВ... NEXT loop 
need not be 1; in this case, P is assigned the value, 90. This example takes the summation 
of the integers, 90 through 100, and prints the total. 


Example No. 2: This example is like example no. 1, except that the user can vary the 
numbers to be totaled. The variable, P, in line 21 is assigned the variable value, M, for its 
first value and is assigned the variable value, N, for its final value. M and N are both 
assigned values in the INPUT statement, line 11. 


@ |f M=3 and N=5, the summation of 3, 4, and 5 would be taken. 
® |f M=3.1, and N-5.1, the summation of 3.1, 4.1, and 5.1 would be taken. 
e |f M=3.1 апа №5, the summation of 3.1 and 4.1 would be taken. 


In each case the value of P increments by 1 after each loop. in the last case, the loop 
would be performed only twice, when P=3.1 and 4.1; for when P increments to 5.1, the 
value of N, which is 5, is exceeded and line 51, which follows the NEXT statement, is 
accessed. 


By the way, if M is set equal to a value greater than N, the loop is immediately bypassed 
and the total printed in line 51 would be @. 


Example No. 3: An aspect of the FOR...NEXT loop that is often overlooked is 
emphasized in this example. After each loop is performed, the NEXT statement, line 39, 
increments the value of A by 1. It then compares the incremented value to the final 
value indicated in line 19. If this incremented value is less than or equal to the final 
value, another loop is performed starting at line 29; but if the incremented value is 
greater than the final value, (that is when A-13) the loop is no longer accessed and line 
49 is executed. In this line the value of A is printed. Although the final loop is 
performed when A=12, the last incremented value for A is 13 and the calculator memory 
retains this as the value of A. So the total printout would be: 


1 Z 3 E zi & г 8 3 18 
i3 


m 
Б 


In all cases, the final value retained for the variable in the FOR ... NEXT loop is greater 
than the final value in the FOR statement. іп some programs, this could be a minor 
problem. The next example shows how to compensate for it. 


Example No. 4: This program calculates the average of the inputs (either version of line 
number 59 could be used). 


e In the first case, the summation (Z) is divided by the number of inputs (A—1). 
A-—1 is used to compensate for the final incremented value of A, as discussed in 
the previous example. 

€ |n the second case, Z is divided by V to get the average. Since V retains its initial 
value, no compensation factor is needed. 


(continued) 
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FOR ... NEXT <-> 


(continued) 


#6 


Example No. 5: This program shows that a FOR...NEXT loop can be exited before 
the final variable value is reached. When this program halts, the printout is: 


Example Мо. 6: This program shows how the FOR... NEXT loop can be used to assign 
values to arrays. In this example, the array variables, A(1) through A(4) are assigned 
values. The printout is: 


FOR...NEXT !oops can be nested; that is, they can be located inside one another. 
However, one loop cannot overlap another. For instance: 


Correct Incorrect 


ә Entering а FOR... NEXT loop at апу place other than the FOR statement (with 
statements like GOTO or IF), can cause unpredictable results and should 
therefore, be avoided. 


@ Each FOR statement can have only one associated NEXT statement. 


An additional feature of the FOR and NEXT statements is discussed next. 
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It's not necessary that the variable in the РОВ... NEXT loop be incremented by 1 each 
time the loop is executed. For instance: 


By adding STEP to the FOR statement, the variable will be incremented by the number 
following STEP (in this case, 3). So this loop will be executed five times: when 1-0, 3, 
6, 9, and 12. But if the program read: 


The loop would be executed only four times: when I=@, 3, 6, and 9. As soon as the 
incremented value passes the final value, the loop is exited. 


n. 
ui 
E 
o 
= 
= 

El 


Examples 
#1 


Example No. 1: Either version of line 12 could be used with identical results. In either 
case, when the program loops, the value of X is incremented by 1. Therefore, if you 
want the variable to increment by 1, it is unnecessary to use the STEP feature. 


£2 


Example No. 2: This loop is executed three times: when C-1, 3, and 5. The final 


| E 3 5 \) 


(continued) 
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... NEXT with STEP —9—e——e— — 


(continued) 


Example No. 3: This program shows that FOR... NEXT loops can be incremented by 
negative values, in this case, —4. This loop is executed four times: when T=4, Ø, —4, and 
—8. The printout is: 


Example No. 4: Line 4 allows angles to be calculated in degrees. The РОВ... NEXT 
loop is incremented negatively as it was in example No. 3. The loop is incremented five 
times: when S=—30, —45, —60, —75, and —90. The printout is: 


The step size need not be an integer value; e.g., STEP 2.5 is allowed. 


Furthermore, the initial variable value, the final variable value, and the step size can all 
be expressions; e.g., 


—_—--- < WAIT —9—e9— —9— —9-—29-— M9 —9— 


Й 


The WAIT statement introduces a timed delay between two program statements. It’s 
particularly useful for delaying consecutive printouts or prolonging displays. 


The WAIT statement causes the program to pause the specified number of milliseconds 
(1000 milliseconds = 1 second). The delay can be set to vary between approximately @ 
and 33 seconds. 


Examples 


£2 


Example No. 1: In this program, the value of Y is incremented by 1; and for each value 
of Y, 2” is calculated and displayed. By putting in the statement, WAIT 3000, about a 
three second delay occurs between consecutive displays. 


Example No. 2: The quote field in line 10 is displayed for about 32 seconds, and then 
the quote field in line 30 is displayed for about 4 seconds, etc. The WAIT statement has 
one additional feature. Most of the Model 30 keys, if pressed, will cause the current 
WAIT statement to be terminated and program execution to be resumed. (Of course, if 
the STOP key is pressed, the program halts.) So if the calculator is displaying: 


J 


and, say, an alphabetic key is pressed, the calculator would immediately display: 


C J 


The maximum delay that can be specified in a WAIT statement is about 33 seconds. Any 
WAIT statement with a number greater than 32767 will wait the maximum amount of 
time. 


The specified delay in a WAIT statement can be a constant, a variable, or an expression. 
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WAIT 


READ 


DATA 
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———-—9-——— —9—9— READ ... DATA —— > > > <--> 


The READ and DATA statements combine to assign values to variables. The READ 
statement determines the variable (for instance, 10 READ Y), while the DATA statement 
determines the value to be assigned to the variable (for instance, 90 DATA 12.4). 


More than one variable can be specified in a READ statement (for instance, 10 READ 
X,Y,Z) and several values can be specified in a DATA statement (for instance, 90 DATA 
5.1, 7.6, 9.3, 4, 16, 9.2). 


The calculator uses an internal mechanism, called a 'pointer', to locate the data element 
that is to be read. The leftmost element of the lowest-numbered DATA statement is read 
first. After this element is read, the data pointer repositions itself one element to the 
right, and continues to do so each time another data element is read. 


After the last element in a DATA statement is read, the data pointer locates the next 
higher-numbered DATA statement and repositions itself at the first element in that 
statement. But if there are no higher-numbered DATA statements, the data pointer 
remains at the end of the previous DATA statement; and any effort to read additional 
data will result in an error message. 


The location of the DATA statement in a program is immaterial unless there is more than 
one DATA statement; if so, just be sure they are in the order you want. 


Examples 


Example No. 1: This example shows that several READ statements can apply to the 
same DATA statement. The data pointer just moves to the right each time another data 
element is read. The first variable is assigned the first data value, the second variable is 
assigned the second value, and so on. 


Data can appear in more than one DATA statement. Thus, the following representations 
would all be equivalent: 


Example No. 2: READ statements are often used in РОВ... NEXT loops. Each time 
this loop is executed, a new value for X is read and a new line is printed. The printout 
is: 


Example No. 3: The DATA statement can appear anywhere in the program. In this case, 
it is the first statement. In this program, the FOR ... NEXT loop is executed four times, 
and each time, new values are assigned to X and Y. The printout is: 


Example No. 4: In this program one READ statement is outside the РОН... NEXT 
loop (thus being executed only once) and one is inside the loop (thus being executed 
three times). The printout is: 


The DATA statement is accessed only by a READ statement; otherwise, the program 
ignores it. 


Once the READ statement variables are assigned values from a DATA statement, the 
statement following READ is executed. 
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Data elements can be read more than once if the RESTORE statement is used. 


There are two variations of the RESTORE statement; for instance: 


® |f the first RESTORE statement, 80, is encountered during program execution, 
the data pointer reverts to the first data element in the lowest-numbered DATA 
statement. 


е If the second RESTORE statement, 90, is encountered during program execution, 
the data pointer reverts to the first data element in the DATA statement specified 
(in this case, line 150). 


Examples 


#2 


ш 
c 
o 
P 
РА 
ui 
c 
= 
€ 

z 


Example No. 1: in this program, immediately before the RESTORE statement is 
accessed, the data pointer is located after the last data element in line 110. The 
RESTORE statement resets the data pointer to the first element in line 110 so that the 
data can be reread. 


Example No. 2: In this program, there are two DATA statements (line 120 and line 
130). Immediately before the RESTORE statement is accessed, the data pointer is 
located after the last data element in line 130. This RESTORE statement directs the data 
pointer to the first element in line 130. If the line number, 130, had not been specified, 
the data pointer would have been reset to line 120. 


In both examples, the printout is: 
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This section shows how the WRITE statement can be used like a PRINT statement 
although it is generally used with the FORMAT statement (discussed on page 3-22). 


When used without the FORMAT statement, the WRITE statement works like a PRINT 
statement with one major exception: the desired output device can be specified in a 
WRITE statement whereas the PRINT statement always assumes the primary printer 
(select code 15). 


The WRITE statement specifies the output device by select code. The primary printer is 
always select code 15. If you have a secondary printer, it might be set at select code 8. 
Either of these select codes (or the select code of another compatible output device) 
could then be specified. 


To write the constants, 1, 2, 3, on the primary printer, the statement could be: 


If this statement is executed, the printout is identical to the following PRINT statement: 


Ia PRI 


Within the parentheses, the select соает is specified, followed by the ‘*’. The '*' 
indicates that the WRITE statement is being used without a corresponding FORMAT 
statement and that all the rules of the PRINT statement are to be followed when 
outputting the constants, expressions, etc. 


WRITE 


Examples 


#2 


Example No. 1: If a secondary printer with select code 8 is connected to the calculator, 
the printout would be: 


Example No. 2: In this program, if both the primary printer (select code 15) and the 
secondary printer (select code 8) are connected to the calculator, either one can be 
accessed. The value input for the variable, S, determines the select code. So if 15 is input 
for S and 6 is input for Z, the printout on the primary printer would be: 


+ The select code can be a variable. 


FORMAT 
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The FORMAT statement gives output specifications to the WRITE statement that 
references it. The formatting of numbers and the spacing between successive items is 
easily controlled with the FORMAT and WRITE statements. Also, symbols not available 
with the PRINT statement can be output by using FORMAT and WRITE. 


The WRITE statement references a FORMAT statement as follows: 


where, in this example, 15 refers to the select code of the output device, and 200 refers 
to the line number of the corresponding FORMAT statement. 


Like the PRINT statement, the WRITE statement can output: 
® Text (in a quote field) 
e Values for variables 
e Values for expressions 
e Constants. 


Text is output the same in either statement; the information inside the quotation marks 
is output character for character. 


If expressions, variables, and constants are specified in a WRITE statement, their values 
can be output according to either of the following FORMAT statement specifications: 


е Fw.d where F indicates fixed-point format; 
w indicates total field width (in character spaces); 


d indicates the number of digits to the right of the decimal 
point. 


€ Ew.d where E indicates exponential format (often called floating-point or 
scientific notation); 
w indicates total field width (in character spaces); 
d indicates the number of digits to the right of the decimal 
point. 


The other available FORMAT statement specifications are: 


ex which indicates a blank character space; 

® / which indicates a carriage return—line feed for the printer; 

€ "text" which indicates a quote field (also allowed in the WRITE statement); 

eB which allows symbols that are otherwise not obtainable to be output by 
the Model 30. 


Any combination of the specifications can appear in the same FORMAT statement; but 
different items must be separated by commas. 


Any of the specifications can be duplicated a specific number of times if a repeat factor 
is specified; for instance: 


The first fixed-point field would appear twice, followed by four character spaces, and 
then another fixed-point field. 


The FORMAT statement, like the DATA statement, can appear anywhere in the program. 
It is never executed by the program until it is referenced by a WRITE statement. 


Examples 


Lines 12 and 20: The three numbers are output according to the three fixed-point 
formats. The printout is: 


Fw.d The field widths, w, for the three printouts are 6, 10, and 2, respectively. In the 
printout, the three field widths have been labeled 1, 2, and 3. In the first two formats, 
the number of digits to the right of the decimal point is 1 and 2, respectively. In the 
third case, since d=@, the decimal point is suppressed. 


Notice all three printouts are right justified within their respective fields. In each case, 
there is a space available for the sign (although in 1 and 3, since the sign is ‘+’, the sign is 
suppressed). Also, in every case (except for d=@), the decimal point takes up one 
character space. If the field width does not allow for both the sign and the decimal 
point, the value will not be output (see lines 90 and 99 on the following page). 


Lines 33 and 40: The two numbers are output according to the two exponential 
formats. The printout is: 


Ew.d The field widths, w, for the two printouts are 8 and 12, respectively. The number 
of digits immediately to the right of the decimal point, d, is 1 and 2, respectively. 


The 'E' format follows the same general rules as the 'F' format: printouts are right 
justified; the sign (or assumed sign) and the decimal point take up one character space 
each. But in 'E' format, the field width must be at least four greater than in 'F' format 
because the last four digits are needed to indicate the power of 10 to which the number 
should be raised. 


(continued) 


* In these examples the '/^! will be used to indicate a blank space in the printout. 
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(continued) 


After the first two values are printed according to the specified formats, the printer 
performs a carriage return—line feed (resets itself to the beginning of the next line). Then 
two more values are printed according to the same two specified formats, etc. 


Lines 90 and 99: The WRITE statement is located before the FORMAT statement; it 
makes no difference to the calculator. For a value of 12.2 to be printed as it appears 
would require an 'F' format with field width of 5 (to allow for the implied sign). Since 
the specified field width of 4 is not large enough, the calculator outputs dollar signs, 
$$$$, in the entire field to indicate the lack of space. The second value, 1.8, is rounded 
up to 2 since the second format calls for zero decimal places. (Incidentally, had this 
specified field width been one less, dollar signs would also have been displayed here.) 
This printout is: 


Formatting Rules: 


€ Using Fw.d If d > Ø, then the minimum field width allowable is w=d+3. If а=0, 
the minimum field width allowable is w-2. One of the character spaces is always 
allocated for the sign (although only the minus sign is displayed). Another space 
is needed for the digit preceding the decimal point. Additional spaces are required 
if more than one digit precedes the decimal point. For instance, F4.1 is sufficient 
for the number, 2.6; but F5.1 is needed for the number, 12.6. 


ә Using Ема If d > Ø, then the minimum field width allowable is w=d+7. If d-0, 
the minimum allowable field width is w=6. Of course, the field width can be 
greater to increase the number of blank character spaces. 


The following six examples show additional formatting techniques. 


#1 


UMEN не 
tear is Tri 


Example No. 1: The number, 76, is printed according to the F5.0 specifications; it is 
followed by two character spaces (2X) and the word, TROMBONES. The printout is: 


Example No. 2: The number, 76, is again printed according to the F5.0 specifications. 
The FORMAT statement then checks for additional format specifications. Since nothing 
follows the F5.0, the printer performs a carriage return—line feed. Then the WRITE 
statement is checked for additional specifications. Since there is a quote field following 
the 76, the quote field is output. The printout is: 


Example No. 3: This output is the same as in example no. 2. This time, however, the ‘/’ 
specifies the carriage return—line feed. As mentioned, the printout is: 


Example No. 4: In this case, the printer performs the carriage return—line feed twice: 
first when the ‘/’ is accessed; and then because nothing else follows the '/". The printout 
is: 


Example No. 5: This example shows that after the value, 76, is output according to the 
F5.0 specifications, the text in the FORMAT statement is output before the text in the 
WRITE statement; and since nothing follows the text in the FORMAT statement, a 
carriage return—line feed is performed before the text in the WRITE statement is output. 
The printout is: 


Example No. 6: This example illustrates a technique that often is useful. Occasionally it 
would be beneficial to suppress the carriage return—line feed before the WRITE 
statement is completed. A 'dummy' format specification can be used to accomplish this; 
that is, an 'F' or 'E' specification in the FORMAT statement without a corresponding 
value in the WRITE statement. The printout is: 


(continued) 
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(continued) 


Three more examples are included here: The first example includes all the concepts 
discussed earlier, and the last two examples show some applications of FORMAT B. 


#7 
оа 


CLS 10 d 


Pp "WHICH 
JT X 


HT ат THE 
1 li 


Example No. 7: Suppose X, Y, and Z were input as 9.9, 10.2, and 10.3, respectively. 
When the FORMAT statement is accessed, the headers for the three numbers are output 
with a character spacing of five between words. Then the printer performs a carriage 
return—line feed and prints the three numbers according to the specified formats, The 
spacing between the 'F' fields (6X and 5X) is needed so that the numbers will be 
positioned under the appropriate headings. (Generally it takes a few attempts before the 
spacing works out correctly.) The printout is: 


Example No 8: FORMAT B is used to output symbols not otherwise available on the 
Model 30. 'B' is indicated in the FORMAT statement and the corresponding number in 
the WRITE statement is interpreted as a code. (This code is actually the decimal 
equivalent of an octal number understood by the calculator.) The symbol you will get for 
each number input is shown in Table F-2, Appendix F. Most of these symbols are already 
easily accessible on the Model 30 without using FORMAT B; but a few of them cannot 
be obtained unless FORMAT B is used. For instance, in the first printout: 


Using FORMAT 3B, the printout is: 


vice Um 
Е 


None of these symbols can be output without using FORMAT B. Quotation marks (”) 
can be input to represent quote fields but cannot be output within quote fields. As can 
be seen by this printout, the codes for these symbols are 34, 91, and 93, respectively. 


Example No. 9: In this example, practical uses for some of these symbols are shown. 
Everything in the FORMAT statement is output as usual. When the first 'B' is 
encountered, the first number in the WRITE statement is taken as the code for the 
symbol to be output there, When the second 'B' is encountered, the second number is 
the code, etc. 


The printout from the WRITE and FORMAT statements is: 


This grammatical question has two choices, 1 or 2. If '2' is keyed in when the INPUT 
statement is encountered, the final printout is: 


Unlike the PRINT statement, in which the maximum printout per line is 72 characters, 
with WRITE and FORMAT the maximum printout per line is restricted only by the 
character length of your printer. 


A semicolon or comma at the end of a WRITE statement suppresses the carriage 
return—line feed if the corresponding FORMAT statement specifications have not been 
completed. 


3-27 


m 
< 
= 
£ 
3 
Е 
Е 
x 
a 


3-28 


— < <_< < PRINT with TAB -9—9—e9——9— <> —e9-— 


The TAB command is most often used with the PRINT statement but it can likewise be 
used in DISP and WRITE T statements. With the TAB command, outputs can be located 
at a specified character position. Character positions @ through 71 can be designated. 
Notice it is the absolute character position that is specified — not the character spacing. 
If a character position greater than 71 is specified, a carriage return—line feed is output. 


The TAB command can also specify a variable character position. 


Two reminders: 


e |f TAB is used in a DISP statement, anything past TAB3I will not be visible on 
the display. 

€ TAB is ignored if the character position is already past the specified TAB; for 
example, 10 PRINT 12, TAB6, 24. Since the punctuation after the 12 is a comma, 
the value of 12 is automatically contained in a 15 character field. And so, TAB6 
is irrelevent. 


Examples 


Example No. 1: The PRINT statement in line 20 sets up the headers for the variables, 
X, Y, and Z. The first heading, AVERAGE, starts at character position Ø; the heading, 
MEAN, starts at character position 20; and the heading, MEDIAN, starts at character 
position 40. Then in line 30, the variables are printed under the three headings. Suppose 
X, Y, and Z were input as 11.23, 11, and 11.4, respectively. The printout would be: 


Example No. 2: In this example, an application of a variable TAB is shown — TAB 
(35425*SINX). The TAB origin is at character position 35. The curve for the sine of X 
fluctuates to either side of the origin — to the right for positive sine values and to the 
left for negative sine values. (The sine of X is multiplied by a factor of 25 in this 


+ The WRITE statement will accept the TAB command only when WRITE operates like a PRINT statement; e.g., 10 
WRITE (15,*)2, TAB 30, 4. 
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example to enable the TAB to make larger increments.) This program halts whenever you 
press the STOP key. The printout is: 


GOSUB 
RETURN 
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The GOSUB statement transfers program execution to the line number specified by 
GOSUB. Eventually, a RETURN statement is accessed, which transfers program execution 
to the statement following the previous GOSUB statement. 


The GOSUB and RETURN statements eliminate the need to repeat frequently used 
groups of statements in a program. 


Examples 


#1 #2 


The order of execution by line number in the two examples is: 


Example #1 Example #2 

when AxN«150 when A*N2150 
10—60 10—60 10—60 
1000—1200 1000 1000—1010 
70—200 1020—1200 2000—2200 
1000—1200 70—900 1020— 1200 
210—990 70—900 


In both examples, before each subroutine (lines 1000—1200 and lines 2000—2200) there 
is a STOP statement. A statement like this is a good precautionary measure to ensure 
that a subroutine is not inadvertently accessed; if it is, the error — improper RETURN — 
will probably occur. 


Example 2 (when А *№22150) shows that subroutines can be nested; that is, a second 
subroutine can be executed before the RETURN in the first subroutine is accessed. 


Each nested subroutine requires one additional word of calculator memory during 
program execution. Therefore, the number of nested subroutines is restricted only by the 
size of the calculator memory. 


——9— —9 < СОТО & GOSUB with OF ——9— —9— — 


The GOTO and GOSUB statements were discussed earlier (pages 3-10 and 3-30, 
respectively). In both statements the program reverts to the line number specified. But, in 
this section, two additional features of the statements, called the computed GOTO and 
the computed GOSUB, are discussed. 


Both statements contain an expression followed by the word 'OF'; to complete the 
statement, one or more line numbers are specified. 


The expression is evaluated and its rounded integer value is determined. This integer value 
then acts as a pointer to determine which line number, from those specified, is to be 
accessed. The first line number specified corresponds to an integer value of 1, the second 
line number corresponds to an integer value of 2, etc. 


If the rounded integer value of the expression is either less than 1 or greater than the 
number of specified statements, then the statement following the computed GOTO or 
GOSUB statement is accessed. The form is always the same as seen in the following 
examples. 


Examples 


Example No. 1: In this example, the expression to be evaluated is merely the variable, 
X. Values of X equal to 1, 2, 3, or 4 correspond to the four line numbers listed. If X=2, 
the second line number (line 330) is accessed. If X=2.5, the value of X is rounded to 3 in 
the computed GOTO statement, and the third line number (line 360) is accessed. 
(Decimal values of .5 and greater are always rounded to the next higher integer value.) If 
the rounded integer value of X is either less than 1 or greater than 4, the statement 
following the computed GOTO statement (line 30) is accessed. 


Example No. 2: This example uses a computed GOSUB statement. The expression to be 
evaluated is: ABS(X—Y). Since three statements are specified, if the integer value of 
the expression is 1, 2, or 3, the first, second, or third subroutine is accessed; otherwise, 
the following statement, line 30, is accessed. 
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DEF FN 
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The DEF FN (Define Function) statement can define a function in one line (for 
single-line functions) or in several lines (for multiple-line functions). Single-line functions 
will be discussed first. 


SINGLE-LINE FUNCTIONS — —- 


If an algebraic expression has to be evaluated several times in a program, it may be 
convenient to define the expression as a function. 


A maximum of 26 defined functions, FNA through FNZ, are possible in a program. 
Besides a function name, a letter (A through Z), the function also needs a simple variable 
(referred to as а ‘local’ variable). If the local variable is also included in the expression, 
the function can easily be evaluated for different values of the local variable. 


local variable local variable used in 
letter Б. \ wey defining expression 


———— 
function defining 
name expression 
Examples 
#1 #3 


Example No. 1: The function, B, is defined with X as its local variable. Three values of 
the function are evaluated and printed: for X=4, 5, and 6. In the example, X is defined 
only as a local variable and is undefined as a global variable (see footnote). The printout 
is: 


Example No. 2: The function, Z, is defined with Y as its local variable. (Notice, it 
doesn't matter where the DEF FN statement is located in a program.) A value for the 
global variable, Y, is input in line 10. Then the PRINT statement in line 20 causes the 
function to be evaluated for that value of Y. The result is then printed. (In this example, 
as in the following example, the local variable is also defined as a global variable.) 


+ А ‘local’ variable is defined only in relation to the function. It has no significance in the rest of the program. Every 
other program variable is referred to as a ‘global’ variable in that, once defined, it remains defined during the entire 
program. A local variable and a global variable can be defined by the same symbol (see examples no. 2 and no. 3). 
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NOTE 
In the DEF FN statement, the local variable (in this example, Y) must be 


separated by parentheses. But in statements where the function is called, 
parentheses are optional. 


Example No. 3: The function, A, is defined with X as its local variable, even though the 
expression has two variables, X and Y, in it. If 3 is input for X, and Y is assigned the 
five values, 4, 5, 6, 7 and 8, the printout is: 


~e MULTIPLE-LINE FUNCTIONS 


Multiple-line functions work much like single-line functions with two additional 
capabilities: 


€ More sophisticated functions can be described since a function can be described in 
a series of program statements. 

€ The value of any variable or expression within a multiple-line function can be 
output. 


In multiple-line functions, the line boundaries for the total expression are determined by 
a DEF FN statement and a RETURN: statement. 


There can be more than one RETURN statement in a multiple-line function (see example 
no. 2, below). But after the first RETURN statement is accessed, (for instance, RETURN 
X) the program returns the value of the function to the statement that called the 
function; e.g., 10 PRINT ЕМА 3. 


Whenever a multiple-line function is in a program, precautions should be taken so that 
the function will not be inadvertently accessed. Having an END statement immediately 
prior to the function is, in general, the best possible precaution. 


(continued) 


f This statement is not to be confused with the RETURN statement at the end of a subroutine (although they do 
perform similarly), For multiple-line functions, RETURN is always followed by a variable or expression (e.g., 90 
RETURN X). 
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(continued) 


Examples 
#3 


Example No. 1: As soon as the PRINT statement, line 10, calls on the function, A, (in 
the first loop, it is FNA 1} the multiple-line function, lines 30 through 60, is accessed. 
The required operations are performed and values for Z and Q are determined. О is then 
returned as the value of the function and printed. This PRINT statement also prints the 
value of Z. Each time | is incremented from 1 to 10, the multiple-line function is 
accessed when the PRINT statement calls on it. The printout is: 


Notice the END statement immediately prior to the multiple-line function; this keeps the 
function from being inadvertently accessed during normal program execution. 


The sequence of variables in the PRINT statement is extremely important. Z is undefined 
until the multiple-line function is called upon. Since PRINT FNAI calls upon the 
function, an error would occur if the PRINT statement tried to output the value of Z 
first; e.g., 10 PRINT Z, FNAI. 
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Example 1 could have been written more easily. For instance, there could have been a 
line 45 as follows: 


Then both lines 50 and 60 could be eliminated. 


Example No. 2: The WRITE statement, line 21, calls upon the multiple-line function, 
lines 51 through 121. The function returns the value of either L or M depending on the 
result of the IF statement, line 81. If L > = M, then L is returned as the value of the 
function. If < M, then M is returned as the value of the function. Here are two 
possible printouts: 


If K is input as 2: 


Example No. 3: The DISP statement, line 20, calls upon the multiple-line function, lines 
40 through 140. Various calculations are performed and if Z (line 90) > = 100, the value 
of Z calculated in line 80 is returned as the value of the function. But if Z < 100, a new 
value of Z is calculated (line 120) and this value is returned. Three possible displays are: 


Example 2 has a WRITE statement that calls upon a multiple-line function. But if there 
were a WRITE statement inside the multiple-line function, too, then ERROR 46 would 
result. (In essence, this would result in two FORMAT statements being accessed at the 
same time, which is not allowed.) 


ARRAYS 
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CONCEPTS — 


An array is often a convenient tool for labeling large groups of data within a program. 
An array is specified by its: 


€ Name — any letter from A through Z, followed by its 


€ Size — either one or two numbers enclosed within parentheses. 


A two-dimensional array is divided into rows (horizontal) and columns (vertical) — А (1,Ј) 
— where | refers to the number of rows and J refers to the number of columns; e.g., 
A(2,4) could have the following data elements: 


650,0 70,2) ЗА(1,3} 2 д) 
840,0 4522) 950,3) 3412,4) 


The subscripts show how each element in the array can be specified; for example: the 
element, 7, is in row 1, column 2; the element, 8, is in row 2, column 1; and the final 
element, 3, is in row 2, column 4. The subscripts for the final element also indicate the 
actual array size — a 2 by 4 array; hence, 8 elements total. 


A one-dimensional array can have several rows but only one column. So it can be 
thought of as — A(I,1) — although it is generally written as — A(I); e.g., a three-element 
array, A(3), could have the following data elements: 


Sac) 
9, 


8,3) 


Arrays having only one row but several columns must be written as a two-dimensional 
array — A(1,J). 


The size of an array can be specified in either a DIM or COM statement as discussed on 
pages 3-38 and 3-39. The array size must be specified in one of these statements if the 
array is either: 


€ One-dimensional with more than 10 elements, or 
€ Two-dimensional with more than 10 rows or columns. 


If the array size is not specified in either of these statements, the array size is assumed to 
be 10 for one-dimensional arrays and 10 by 10 for two-dimensional arrays. 


If an array is small, say A(2,2), and you would like to maximize memory availability, the 
actual array size should be specified in either a DIM or COM statement; otherwise, the 
calculator reserves storage space for all the elements A(1,1) through A(10,10). 


Elements in an array can be referenced in several types of program statements: Assign- 
ment, PRINT, DISP, WRITE, INPUT, and READ statements, They can also be used in 
program expressions, say, as: PRINT 4*A(2)t3. 


~ PROGRAMMING DATA ELEMENTS INTO ARRAYS 


To input several data elements into array form, a program should perform a 'looping' 
operation. The IF and GOTO statements can accomplish this looping, but it is generally 
easier to use the FOR ... NEXT statements. The following examples show a few of the 
available techniques. (In these examples, the array sizes are small enough so that neither 
the DIM nor the COM statement is required.) 


@ One-dimensional arrays (7 elements): 


#1 


In the first example, a data element is input from the keyboard each of the seven times 
the Joop is executed. In the second example, a data element is read in from the DATA 
statement each of the seven times the loop is executed. 


€ Two-dimensional arrays (3 by 5 — 15 elements): 


#1 #2 


Example No. 1: In this program, there are two FOR...NEXT statements. For each 
value of 1, the ‘J’ loop is executed five times. (So, five data elements are assigned per 
row.) The three DATA statements correspond to the way in which the data elements are 
read — row by row, five elements per row. The array elements are positioned as follows: 


Tao, 124,2) 1310,3) 14554) 1544 5j 
21464 224122) 23403) 24 (0.4) 25412,5) 
31413,1) 324135) 334(33) 344 (34) 35413,5) 


Examples No. 2 & No. 3: In these examples, the arrays are assigned values through 
INPUT statements. The technique used in example no. 2 is much like the one used in 
example no. 1, with the two FOR ... NEXT statements. But in example no. 3, values are 
input using only one РОВ... NEXT statement. 
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The DIM (Dimension) statement causes the calculator to reserve memory for the specified 
simple and array variables. If arrays are dimensioned, the actual array sizes then input can 
be less than or equal to the sizes specified. 


When either the INIT (Initialize) key is pressed or the program is run, memory storage is 
allocated to the specified variables. 


е Generally, four words of memory are allocated per data element (16 calculator 
bits per word); e.g., 


Sad 0 240 words are allocated: 
80 in array A, 160 in array B. 


Each data element has full-precision (12-digit) accuracy. 
€ But there may be times when it is necessary to conserve memory storage. So two 


words of memory can be allocated per data element with split-precision (6-digit) 
accuracy for each element; e.g., 


where 'S' indicates split-precision and 120 words are 
allocated: 
40 in array A, 80 in array B. 


These data elements cannot have values either less than —9.99999E+63 or greater 
than +9.99999E+63. 


@ Only one word of memory is allocated per data element with integer-precision 
accuracy for each element; e.g., 


where ‘I’ indicates integer-precision and 60 words 
are allocated: 


20 in array A, 40 in array B. 


These data elements are rounded to integer values; the values cannot be less than 
—32767 or greater than +32767. 


Full-precision, split-precision, and integer-precision accuracy can be mixed in a DIM 
statement; e.g., 


m 
m 
PH 


In this example, each array is allocated 100 words of memory due to the particular 
specifications. 


Notes: 
ө The location of the DIM statement within the program is arbitrary. 
€ A program can have more than one DIM statement. 


e One-dimensional and two-dimensional arrays cannot have the same name; e.g., 10 
DIM A(3), A(5,5), is not allowed. 


е Once a split or integer-precision array is dimensioned, no additional reference can 
be given to the 'S' or ‘I’; e.g., 


ts } Not allowed 


ФФ ФФ ФФ COM —9——9 —9— —9— —9- —9— —*-— 


The COM (Common) statement, like the DIM statement, causes the calculator to reserve 
memory for the designated number of simple and array variables. The unique features of 
the COM statement are as follows: 


e Data can be transferred from one program to another if data, common to both 
programs, is specified in separate COM statements. 


€ Once a common storage area is reserved in memory, it remains there until either 
the program memory is erased or another COM statement alters its appearance. 


When storing data on tape cassettes, (see STORE DATA, Chapter 5), COM has two 
important features: 


€ The values of all variables specified in COM can be stored on the same tape 
cassette file. (Without COM, only one array can be specified per file.) 


е Since simple variables can be specified in COM, their values can also be stored on 
a tape cassette. (Without COM, only arrays can be specified in a STORE DATA 
command.) 


The Mode! 30 immediately reserves memory storage space for the data elements specified 
in the COM statement when it is entered into memory. Because of this, the following 
two rules must be followed: 


e COM must be both the first program statement entered and the lowest numbered 
statement in memory — if several required statements are already in memory and 
you need to enter a COM statement, follow these four steps 1) store the 
required statements on a tape cassette, 2) erase program memory — SCRATCH 
EXECUTE, 3) key in the COM statement, and finally 4) load the rest of the 
statements back into memory from the cassette (see STORE and LOAD, chapter 
5). 

@ COM cannot be edited once it is entered into memory; however, if you would 
like to change the COM statement, follow the four steps just discussed. 


The COM statement may not be necessary in your program: 


€ When programs are brought into memory from a tape cassette, the COM 
statement is not necessarily needed to transfer data from one program to another. 
Often, it is more convenient to use the LINK command (see LINK, Chapter 5). 


€ The same variables cannot be specified in both a COM and a DIM statement. So if 
the only need for either of these statements is to define array sizes, it is probably 
more convenient to use the DIM statement. 


® COM is generally unnecessary for programs on a Special Function key (see 
Chapter 6) especially if a common area has already been defined in mainline 
memory; for the values of variables in mainline memory are also accessible by a 
program on a Special Function key. 


Common area storage space is allocated in the same order in which the variables appear 
in a COM statement; elements within an array are stored row by row; e.g., 


Storage space for this COM statement is allocated in the following order: 
C(1,1), C(1,2), C(1,3), C(2,1), C(2,2), C(2,3), D, A(1), A(2), A(3) 
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(continued) 


If the COM statements in two successive programs are identical, then the values assigned 
to the variables in the first program will be assigned to the same variables in the second 
program. 


For Advanced Programmers 


if, however, the COM statements in two successive programs are different, then the values 
assighed to the variables in the second program depend on the element positions of the 
values. For example, if the COM statement in the first program is: 


and the following program has the COM statement: 


then the elements in common storage are assigned as follows: 


Element First Program Second Program 


Position Reference Reference 
1 A(1,1) Z(1) 
2 A(1,2) 2(2) 
3 A(1,3) A(3) 
4 A(2,1) Z(4) 
5 A(2,2) Z(5) 
6 A(2,3) 2(6) 
7 В(1) A(1,1) 
8 B(2) A(1,2) 
9 B(3) A(2,1) 

10 B(4) A(2,2) 


A reference to the variable, A(2,2), in the first program accesses the value in element 
position 5; whereas a reference to the variable, A(2,2), in the second program accesses 
the value in element position 10. 


The variable, A(1,1), in the first program references the same element position as the 
variable, Z(1), in the second program. 


Simple variables, split-precision variables, and integer-precision variables can also be used 
in COM statements. 


However, if two successive programs have different COM statements, (to ensure that 
element positions line up as intended) arrays should be aligned with arrays having the 
same number of elements, simple variables should be aligned with simple variables, 
split-precision arrays should be aligned with split-precision arrays, etc. 


Successive COM statements need not have the same number of elements. But a program 
on a Special Function key (see page 6-4) cannot have a COM statement larger than the 
COM statement in mainline memory. 


If, say, the first program that is run specifies: 


and the second program that is run specifies: 


then the storage allocated to the B array is erased. 


——— M» <_< ADDITIONAL STATEMENTS —9—9——e——e-— 


FIXED N, FLOAT N, STANDARD 


In PRINT and DISP statements, numerical outputs appear in standard notation unless 
either fixed-point or floating-point notation has been specified in a prior program 
statement.* |f standard notation is then specified in a later program statement, numerical 
outputs from PRINT or DISP statements will again appear in standard notation. 


Examples 


Since PRINT statements output in standard notation unless fixed-point or floating-point 
has been previously programmed in, the printout from line 10 is: 


Since line 20 programs in a fixed '4' format, the printout from line 30 is: 


Since line 40 programs in a float '5' format, the printout from line 50 is: 


Since line GO causes the program to revert back to standard notation, the printout from 
line 70 is: 


(continued) 


T Standard, fixed-point, and floating-point notation are discussed beginning on page 2-1. 
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(continued) 


DEG, GRAD, RAD —— 


In a program, angles are calculated in radians unless either degrees or grads have been 
specified in a prior program statement. If radians are then specified in a later program 
statement, angles will again be calculated in radians. 


Examples 


In line 10, X is calculated in radians; in line 30, Y is calculated in degrees; in line 50, Z 
is calculated in grads; in line 70, X1 is calculated in radians. The printout for X, Y, Z, 
and X1 is: 


When the calculator is initialized or another program is run, the calculator reverts both to 
standard notation and to radians. 


PROGRAMMABLE TAPE COMMANDS œ 


Al! tape cassette commands are programmable. These commands are discussed individu- 
ally in Chapter 5. 


—-——9 —e——e- FLOWCHARTING TECHNIQUES — > > — 


If you are a beginning programmer, you may be interested in knowing some of the 
techniques available that allow you to more easily advance from a conceptual stage in a 
programming task to a finalized stage. 


Flowcharts, which logically pictorialize the solution to a programming task, are valuable 
programming tools. They are often drawn long before the actual program statements are 
written. 


While flowcharting your problem, you might change or simplify your approach, see a 
flaw in your logic, etc. After several attempts, you should have a workable flowchart and, 
once you do, your programming task is greatly reduced. 


Any flowchart that you draw is useful; but a few basic flowcharting conventions are 
described briefly here. Terminal (that is, starting or ending) activities are represented by 
ovals. Arrows, indicate the order of operations between the terminals. Most calculator 
Operations are represented by rectangles. A diamond represents a decision point. If the 
information within the diamond is computed as ‘YES’, the logical flow continues in one 
direction; if it is computed as 'NO', the logical flow continues in another direction. 


For your convenience, in the following example we have labeled each flowcharting 
operation with the corresponding program line number. As can be seen, once the 
flowchart is finalized, the program can be written relatively easily. 


RUN EXECUTE 


18-30 


40 


P 
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Legend 
brackets [ ] — items enclosed within brackets are optional. 
coloring — colored items must appear as shown. 
character — a letter, a number or a symbol. 
constant — a number within the range of the calculator. 
expression — a constant [like 16.4], a variable [like B or D(6)] or an expression 


[like 8«A12 or 6-A]. 


letter — an alphabetic character from A through Z. 

line number — an integer from 1 through 9999. 

local variable — a simple variable defined only in relation to the function. 

n — an integer from @ through 11. 

select code — an integer from 1 through 15. 

text — a series of characters enclosed within quotation marks. 

variable — a simple variable [like В or B7] or an array variable [like Е(9)]. 


All programming statements must be preceded by a line number. 


variable = expression or LET variable = expression 
Assignment statement; assigns variable a value. 


COM variable [, variable * * * , variable] 
Reserves memory for the specified variables and allows data to be transferred from 
one program to another. Must be both the first statement entered and the 
lowest-numbered statement. 


DATA constant [, constant * * * , constant] 
Specifies data for READ statement variables. 


DEF FN letter (local variable) = expression or DEF FN letter (local variable) 
Defines a function in one line (first syntax) or in several lines (second syntax); in the 
latter case, a RETURN statement is also needed. 


DIM variable [, variable * * * , variable] 
Reserves memory for the specified variables when the calculator is initialized. 


DISP [any combination of text and expressions] 
Allows text and values to be output on the Model 30 display; follows the same rules 
as the PRINT statement. 


END 
Terminates program execution and resets the program line counter to the lowest- 
numbered statement in memory. 


FOR simple variable = expression TO expression [STEP expression] 
Executes the program lines between FOR and the corresponding NEXT statement a 
designated number of times; each time the loop is executed, the simple variable is 
incremented by 1, unless STEP is specified. 


FORMAT any combination of text or other specifications 
Gives output specifications to the WRITE statement that referenced it; specifications 
can be: Fw.d (for fixed-point format), Ew.d (for exponentia! format), X (for a 
character space), / (for a carriage return—line feed), B (for special ASCII characters); 
any specification can be repeated (say, 6Fw.d); specifications must be separated by 
commas. 


GOSUB line number 
Begins executing the subroutine at the specified line number; must have correspond- 
ing RETURN statement. 


GOSUB expression OF line number [, line number * * * , line number] 
Begins executing the subroutine at the first line number if the expression is rounded 
to 1, at the second line number if the expression is rounded to 2, etc.; must have 
corresponding RETURN statement. 


GOTO line number 
Transfers program execution to the specified line number. 


GOTO expression OF line number [, line number * * * , line number] 
Transfers program execution to the first line number if the expression is rounded to 
1, to the second line number if the expression is rounded to 2, etc. 


IF expression THEN line number 
Expression is logically evaluated; if it is evaluated as 'true', program execution is 
transferred to the specified line number. 


INPUT variable [, variable * - - , variable] 
Allows values to be assigned to the variables, from the Model 30 keyboard, during 
program execution, when a '"?' appears on the display. 


LET variable = expression or variable = expression 
Assignment statement; assigns variable a value. 


NEXT simple variable 
Marks the end of the corresponding FOR loop. 


PRINT [any combination of text and expressions] | 
Allows text and values to be output on the primary printer; successive expressions 
must be separated either by commas (for maximum spacing between successive 
outputs) or by semicolons (for minimum spacing between successive outputs); if no 
parameters follow PRINT, the printer performs a carriage return—line feed; para- 
meters can also include: TAB expression — so that the following parameter is output 
beginning at the absolute character position (from @ through 71) specified by TAB. 


READ variable [, variable * - * , variable] 
Reads, from the DATA statement (beginning at the currect data pointer position), 
values for the specified variables. 


REM [any combination of characters] 
Inserts non-executable remarks in a program. 


RESTORE [line number] 
Resets data pointer (see READ and DATA) to the first constant in the lowest- 
numbered DATA statement if the line number is not specified; or resets the data 
pointer to the first constant in the DATA statement with the specified line number. 


RETURN [expression] 
With no expression specified, RETURN is the subroutine exit, transferring program 
execution to the line following the GOSUB statement; if an expression is specified, 
RETURN is the multiple-line function exit, transferring the value of the function to 
the statement that called it (see DEF FN). 
(Continued) 
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(Continued) 


STOP 
Terminates program execution but, unlike END, it retains the current position of the 
program line counter. 


WAIT expression 
Causes the calculator to halt the specified number of milliseconds; the delay can vary 
between Ø and 32767 milliseconds. 


WRITE (select code, [+] or [line number] ) [any combination of text and expressions] 
With the '«' specification, WRITE is like the PRINT statement except that any 
printer can be specified by select code; with the line number specification, the 
parameters are output according to the specifications in the corresponding FORMAT 
statement. 


[DEG] or [GRAD] or [RAD] 
Specifies units for calculating angles; if not specified, RAD is assumed. 
(FIXED n] or [FLOAT nj or [STANDARD] 


Specifies numerical output form for PRINT and DISP statements; if not specified, 
STANDARD is assumed. 
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Chapter 4. 
PROGRAMMING-RELATED INFORMATION 


In Chapter 3, general programming techniques were discussed along with the BASIC 
language statements. In this chapter, most of the topics discussed emphasize the ease of 
programming the Model 30. Topics include: 


e Standard programming commands 
Time-saving commands 
Program-viewing and editing techniques 
Programming checks 


Calculator memory. 


—< —< STANDARD PROGRAMMING COMMANDS <-> 


The following keys and commands were discussed briefly in Chapter 3: 


STANDARD 


о 
ЕН 
£z 
4 
az 
oz 
69 
ae? 
à 


e( erm which enters program lines into memory. 


f 
А 
@ ru | 


à (==) which halts а program that is running unless the program is waiting at ап 
INPUT statement. 


which runs the lowest-numbered program in memory. 


maeomxm 


E 
e (==) n which halts a program that is waiting at an INPUT statement. 


u 


which continues a program that was previously halted; if the program was 


halted by either a STOP command or a STOP statement, the program 
continues from the line number where it was halted. Otherwise, it 
continues at the lowest-numbered line in memory. 


e x) 


RUN, STOP, and CONT have additional capabilities as discussed next. 


-> STANDARD PROGRAMMING COMMANDS <-> 


(continued) 
o OT. n 


If there are several programs in memory, any of these programs can be executed by using 
the RUN command. For instance: 


Program #1 


Program #2 


Program #3 


Pressing: 


executes program #1. 


macomxm 


Pressing: 


N 
macomxm 


(~) (2) (о) (о) | executes program £3, beginning at line number 200. 


Or pressing: 
010010 


Whenever the RUN command is executed, variables that were assigned values in the 
previous program become undefined (unless both programs have a COM statement). For 
instance: 


executes program #2, beginning at line number 100. 


macomxm 


\f you press: 
C 


e 


But then if you press: 


QOO 


Lines 10 and 20 are executed and the variable X is set equal to 15. 


macomxm 


dm The calculator tries to execute line 30 but cannot since the 
| variable X is undefined. So error 40 results. (The CONT 
command, discussed on page 4-4, could have been used 


instead.) 
-Q 


Besides being used to halt a program that is currently running (see page 4-1), the STOP 
command has another variation. For instance, if the following program is in memory: 


macomxm 


and the following keys are pressed: 


290] 


If the program is subsequently run without having any program lines edited, the program 
will halt at line 150 (that is, line 150 is not executed). If the program is then continued 
or re-run, and line 150 is again encountered, the program will once again halt there. 


macomem 


Either one or two line numbers can be specified in a STOP command. For instance, the 
following keys could be pressed: 


21010/001010 


If the previous program is then run, it will halt at line 90. If it is then continued from 
this point, it will subsequently halt at line 150. When either of these two lines is 
encountered, the program halts. 


macomxm 


To have the program revert to normal execution when it is again run, either press: 


macomxm 


or edit any portion of the program. 
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(continued) 


CONT — ees 


When the keys — CONT EXECUTE — are pressed, program execution continues from the 
point where it was previously halted, if the program was previously halted by either a 
STOP command or a STOP statement. Otherwise, it continues at the lowest-numbered 
line in memory. 


Unlike the RUN command, which erases the values of variables in memory, the CONT 
command does not affect variables. 


Like the RUN command, which can run a program beginning at a specified line number, 
the CONT command can continue program execution at a specified line number. 


For instance, pressing: 


=000 


would continue a program's execution at line 200 without affecting any of the variables 
previously defined. 


macomxm 


-œ+ TIME-SAVING COMMANDS —e—e— => e 


The following two commands simplify program line numbering. 


о 
2 
> 
4 
9 
ш 
2 
Е 


COMMANDS 


AUTO # —A— = 


Each program line must be preceded by a line number. If several program lines need to 
be keyed in, the AUTO# (Automatic Line Numbering) command can be used to simplify 
the task. By pressing: 


The first line number, 10, immediately appears on the display. After this line is 
keyed in, successive line numbers will be: 20, 30, 40...; that is, a spacing of 
10 between consecutive line numbers. 


> 

е 

Е] 

= 

= 
macomxm 


The AUTO# command can specify the beginning line number to appear on the display. If 
it does, it can also specify the spacing between line numbers. The first number specified 
is the beginning line number; the second number specified is the spacing. If no spacing is 
specified, a spacing of 10 is always assumed. Here are some examples: 


| 


The line numbering would be: 30, 40, 50, 60, ... 


macama 


The line numbering would be: 50, 55, 60, 65,... 


=0000 


maeemum 


«eoo is identical to 


During automatic line numbering, after one line is entered into memory, the next line 
number appears on the display. If the line numbering sequence is somehow altered (say, 
the CLEAR key is pressed), automatic line numbering ceases. In a case such as this, to 
reinstate automatic line numbering at a specific line number, just use the techniques 
previously discussed. 


macomxm 


During automatic line numbering, the DELETE LINE key can be pressed instead of 
CLEAR. DELETE LINE performs the same function as CLEAR without eliminating 
automatic line numbering (see DELETE LINE, page 4-8). 


—— - REN 


Occasionally, it is necessary to change the spacing between line numbers to allow for the 
insertion of additional program lines. The REN (Renumber) command provides this 
capability. 


With this command, all program lines in memory are renumbered. Furthermore, program 
lines referenced in statements (e.g., GOTO 20) are appropriately renumbered. Here are 
some examples of the REN command: 

If these are the program lines in memory: 


1, 2, 5, 6, 7, 8, 111, 112, 113, 114 


and you press: 


= 
Ge (м) The program lines are renumbered. The lowest line number is 10 with 
| a spacing of 10 between successive line numbers. 


The ten lines in memory are now numbered: 


10, 20, 30, 40, ... 100 


macomx 


As in the AUTO# command, both the lowest line number and the spacing between 
consecutive line numbers can be specified. The first number specified is the beginning line 
number; the second number specified is the spacing. If no spacing is specified, a spacing 
of 10 is always assumed. Here are some examples: 


VOWS 


macomxm 


The new line numbering would be: 3, 13, 23, 33, ... 


The new line numbering would be: 50, 75, 
100, 125, ... 


00100/00100 


macomxm 


acomxm 


00100101000 


is identical to (в) (е )(м) 


m 
macom»wm 
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The commands discussed in this section allow the programmer to view individual program 
statements or to view a series of program statements. 


am —-— 


Any program line in memory can be brought to the display if the FETCH command is 
used. If line 65 is in memory, you can display it by pressing: 


n 


(reves) (e) (8) E | Any line can be specified in this manner. 


If the line number specified by the FETCH command is not in memory, then the next 
higher-numbered line is displayed; if there are no lines numbered higher than the one 
specified, then the highest-numbered line in memory is displayed. 


The highest-numbered line in memory is always displayed if you press: 


10101910) 


м2 
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The lowest-numbered line in memory is always displayed if you press: 


a 


FETCH 


macomx 


=s 
Every program line in memory can be viewed by using these keys. 


Each time СҰ is pressed, the next higher-numbered program line is displayed. Each time 
C* Jis pressed, the next lower-numbered program line is displayed. 


When either of these keys is pressed, the first line number displayed depends on the last 
line number that was accessed. For example, if the following lines are in memory: 
10, 20, 30, 40, 50 

and the FETCH command is used to access line 30: 

Then if СХ is pressed, line 40 is displayed; whereas had Ct been pressed, 

line 20 would have been displayed. 
But if a program has just been run: 

Pressing Со, displays the lowest-numbered line in memory; whereas 


pressing C * 3, displays the highest-numbered line in memory. 


If either of these keys is held down for about two seconds, the operation of the key is 
rapidly repeated. 


——— LIST 


With the LIST command, program lines can be output on any compatible printer or 
paper tape device. Merely specify the select code of the appropriate device; for example: 


However, if you want to output on the primary printer (select code #15), just press: 


All the program lines currently in memory would be output in 
line number order on the device with select code #8. The '£' 
(number sign) is necessary in this case. 


cee] 


ma 


Select code £15 is assumed if no select code is specified. So, in this case, all 


program lines are output on the primary printer. 


macomxm 


Program lines can be selectively output by using the LIST command. For example, if 
lines 1 through 100 are in memory and you press: 


4comxm 


m 


(4) (о) В АН program lines, numbered 40 and higher, are printed. 


Or if you press: 


EQ О) 


If only one line number is specified, as in the first case, only the lower boundary of the 
listing is specified. But if two line numbers are specified (separated by commas), as in the 
second case, both the lower and the upper boundaries of the listing are specified. 


Program lines 5 through 18 are printed. 


macomxm 


A number always appears on the display after a LIST command is executed. This number 


is the available calculator memory. The calculator memory is discussed beginning on page 
4-12. 
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Programs can be easily modified if the keys and commands, discussed in this section, are 
used. 


BACK FORWARD, INSERT —— 


These three keys can be used т the programming mode т the same way that they are 
used in the keyboard mode (see page 2-10). Any time a program line appears in the 
display, it can be modified by using these keys. After the line is appropriately corrected, 
press the END OF LINE key to put the corrected version of the line into memory. 


NOTE 
It makes no difference where the blinking indicator is positioned when the 


END OF LINE key is pressed. Regardless of the position, the entire 
program line ts entered into memory. 


RECALL —— 


This key also can be used in the programming mode in the same way that it is used in 
the calculator mode. !f you try to enter a program line into memory and an error 
message appears on the display, press в, The line you just keyed in is returned to the 
display. Appropriate corrections can then be made and the line can be entered into 
memory by pressing the END OF LINE key. 


DELETE e i = or 


During keyboard operations, if either the CLEAR key or the DELETE LINE key is 
pressed, the display is erased. The difference between the two keys is evident if a 
program line that is stored in memory is displayed. With the symbol, i", displayed at the 
end of the program line, the DELETE LINE key can be pressed both to clear the display 
and to erase the program line from memory; pressing the CLEAR key clears the display 


only. 


Whenever you are displaying a line previously entered into memory, (e.g., 10 A=6}-) to 
erase it from memory, just press the DELETE LINE key. 


As mentioned with the AUTO# command, pressing the DELETE LINE key during 
automatic line numbering operations does not affect the automatic line numbering; it 
merely erases the rest of the display. However, pressing the CLEAR key erases the entire 
display, including the automatic line numbering. 


DEL <= AAA ee 


The DEL (Delete) command can erase any number of consecutive lines from memory. If 
lines 1 through 100 are in memory, lines 22 through 35 can be deleted by pressing: 


0100/9190108 


macomxm 


but if, instead, you press: 
010000 
To delete just one program line, say, line 82, you can press: 
(2) (Е) (=) GOCGOCO Се) (а) В 


But there is an easier way to delete one line without using the DEL command. Just 
press: 


| All program lines, beginning at line 22, are deleted. 


macomxm 


~) 


maen 


and line 82 is deleted. Any time a line number 


(8) (2) (===) is keyed in, followed immediately by END OF 


— LINE, the specified line is erased from memory. 


— END 


The SCRATCH key was discussed on page 2-14. The SCRATCH commands that are most 
useful in programming are as follows: 


4comxm 


on Special Function keys, see Chapter 6, is not affected.) 


m 


=! АП variables and program lines are erased from mainline memory. (Information 


AM of memory is erased as in turning the power off then on again. Before 
| a large program is entered into memory, this command ensures that the 
J maximum amount of memory is available. 


macomxm 


CHECKS 


о 
Е 
= 
= 
4 
tc 
9 
о 
i: 
a 
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The techniques discussed in this section allow the programmer to make various checks 
during program execution to ensure that the program is operating correctly. 


TRACE NORMAL —- 


The TRACE command is used to follow the order of statement execution in a program. 
If the TRACE key is pressed during program execution, the program line numbers are 
printed in the order in which they are accessed; if the NORMAL key is then pressed 
while the program is still running, the TRACE command is nullified. So during program 
execution, both TRACE and NORMAL are 'immediate execute' keys. 


If the program is not currently running, the TRACE command has the following 
capabilities. 


€ |t can be set to trace the order of statement execution when the program is again 
run. Just press: 
n 


=| 
у 
4 
= 


€ |t can be set to trace from a specific line number, if the lowest line number to be 
traced is specified. For instance, with the following command, all lines numbered 
80 and higher will be traced when the program is again run: 


сен (а) (о) 


€ |t can be set to trace groups of line numbers, if both the lowest and the highest 
line numbers to be traced are specified. For instance, with the following 
command, all lines numbered 120 through 160 will be traced when the program is 
again run. 


macomxm 


010100101010] 


[e 
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While the program is running, any of these TRACE commands are immediately nullified 
if the NORMAL key is pressed. But if the program has been halted with TRACE still in 
effect, TRACE is nullified if you press: 


maAcomxm 


ES ——— 


If a program is not running, it can be continued one line at a time if the STEP command 
is used. STEP is always an 'immediate execute' key. As soon as it is pressed, the line 
designated by the internal program line counter is executed, then the program halts again. 
When the program halts, the current position of the program line counter is displayed; 
that is, if Gm) is pressed again, the line specified in the display will be executed. 


For example, suppose the following program is run: 


This program halts after line 60, the STOP statement, is executed. So the program line 
counter is positioned at line 70. If is then pressed, only line 70 is executed. Fach 
time is pressed, only the line designated by the program line counter is executed. An 
entire program can be run this way. (The next section, Checking a Halted Program, shows 
why it can be desirable to execute a program step-by-step.) 


For Advanced Programmers 


In the previous program, after line 200 is executed, the program line counter reverts to 
line 10. If the STEP command (or the CONT command) is then used to continue 
program execution at line 10, the program does not go through an initializing phase; that 
is, variables retain their current values, operating modes (like calculating angles in radians) 
are not reset, etc. With the RUN command, this initializing phase is automatic. So, in this 
example, if STEP is used after line 200 is executed, the angle, Y, is calculated in degrees 
since line 70 previously set this mode. 


-— CHECKING A HALTED PROGRAM 


Various operations can be performed on a halted program: 


€ Values of variables can be checked merely by keying in the variable name, 
followed by EXECUTE. 


€ Values of variables can be assigned or changed if commands like A-7 are 
executed. 


@ Мапу program statements can be keyed in as executable commands; that is, 
without line numbers and followed by the EXECUTE key: 


PRINT statements 
WRITE statements ¢ to immediately output specified information. 
DISP statements 


GOTO statements to reset the program line counter to a specified 
GOTO with OF statements J line. 


RESTORE statement — to reset the data pointer to the first data element. 
€ Any keyboard command can be executed: degrees, grads, radians, fixed n, float n, 
standard, etc. Also, arithmetic operations can be performed. 


(continued) 
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(continued) 


If the halted program is continued with either the CONT or the STEP command, any of 
the previously mentioned operations that affect the program execution remain intact. For 
instance: values of variables that were changed retain their new values; a GOTO command 
causes the program to continue at the specified line number; a DEG command causes the 
program to calculate angles in degrees; etc. 


If, however, the haited program is restarted with a RUN command, then the program is 
initialized and the calculator reverts to all standard operating modes. 


Furthermore, if any program lines are inserted, deleted, or edited while the program is 
halted, the program line counter is repositioned at the lowest numbered line in memory. 


><. —9-—M— < CALCULATOR MEMORY — > > > — 


In the Mode! 30, the total amount of user memory is expressed in ‘words’. (For the 
computer oriented, there are 16 bits — two bytes — per word.) The basic calculator (with 
no memory options) has 1760 words of available memory. 


Program statements take up a variable number of words with as few as three words 


aMocated in some statements, such as STOP and END. Methods for determining the 
available memory are discussed next. 


LIST ——— 


As mentioned earlier in this chapter, the LIST command always displays the available 
user memory after it performs a program listing. To determine the maximum amount of 
user memory, it is necessary first to erase everything in memory (thus making all of 
memory available) and then to perform a LIST command. So if you press: 


E INS ] followed by сак (ә) (ө)(ә)(ә) | 


ae, 
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the number that appears on the display is the total calculator memory. (Any memory 
options that have been installed are also included in this number.) 


|f information is in memory and you want to determine how much memory is still 
available, it is generally easiest to press: 


(OO) || 


2 


чепткт 


The number that immediately appears on the display is the available memory. Whenever 
the number specified in the LIST command is greater than the largest line number 
currently in memory, no program lines are listed and the available memory is immediate- 
ly displayed. So by using LIST 9999, you need not be concerned about the line numbers 
currently in memory. For no line number greater than 9999 can be specified. 


For Advanced Programmers 


The LIST command gives totally different results when executed both before and after a 
program is run: 


€ Prior to running a program 


— without a COM statement, the file size needed to store the program on tape is 
determined by subtracting the LIST 9999 result from the total user memory. 
(Tape cassettes are discussed in Chapter 5.) 


— with a COM statement, the file size determined by the previous method minus 
the memory reserved for variables in the COM statement is the true file size 
needed to store the program (Remember, each full-precision element in 
common has four words of memory allocated to it.) 


€ After running a program, when LIST 9999 is again executed, the available 
memory being displayed, subtracted from the total user memory, determines the 
approximate: amount of memory needed to run this program. 


——— INIT 


The INIT (Initialize) key resets the calculator to the state it was in immediately prior to 
program execution unless the program has a COM or DIM statement in it. Furthermore, 
program variables, not defined in a COM statement, are erased when the INIT key is 
pressed. 


If a program is executed and a LIST 9999 command is then executed, the approximate 
amount of memory needed to run the program is determined by subtracting the number 
on the display from the total calculator memory. If this program has neither a COM nor 
a DIM statement in it, the file size needed to store the program on tape can then be 
determined if you press: 

E 

| 


OOOO 


and subtract the number on the display from the total calculator memory. 


macomem 


Other uses of the INIT key are discussed in the following section. 


* This is usually very close to the amount of memory actually needed. The difference exists because, during program 
execution, some memory is temporarily needed to run different parts of the program. 
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The three commands discussed in this section provide the Model 30 with additional 
programming capabilities. Their uses are intended primarily for the advanced programmer. 


INIT —— e 


The INIT (initialize) key was discussed in the previous section as a tool for determining 
program memory. Other uses for this key are discussed here. 


When Снт) is pressed, it performs identically to the RUN command except that the 
program is not executed: 


€ All variable values, aside from those specified in a COM statement, are erased. 


@ All normal programming modes are reset — angles are calculated in radians, 
outputs appear in standard notation. 


@ Memory is reserved for all elements in a DIM statement. (Memory for the 
elements in a COM statement is immediately reserved when COM is entered into 
memory.) 


€ The memory reserved for DIM and COM statement elements can be accessed. 
(Although memory is reserved for COM before the INIT key is pressed, this 
portion of memory cannot be accessed until either the INIT or RUN command is 
given.) 


Since the INIT command performs this way, it offers the following additional feature 
when it is pressed: 


The programmer has the option of inputting values for some or all of his 
program variables before the program is run. After the required data [say, 


44 А(1)=6. ..А(12)=8, etc.] is keyed in, the program can be executed by 
52 pressing: 
38 n 
aT : | (Remember the RUN command would erase the 
Совт) | с : А A 
р values just assigned to the variables.) 
Ld 


NOTE 


The INIT command is unnecessary if only simple variables are being input 
and if the program has neither a COM nor a DIM statement. 


РТАРЕ — 


The PTAPE command allows the calculator to read in program statements from an input 
device, ASCII} character by ASCII character. Compatible devices include the -hp- 9863A 
Tape Reader, the -hp- 9869A Card Reader, the -hp- 2748A Optical Tape Reader, and the 
-hp- 11205A Serial Interface (with teletype). 


Just key in either: PTAPE# or PTA# followed by the appropriate select code for the 
input device. Then press the EXECUTE key. 


If the device with the specified select code is not connected to the Model 30, the 
calculator waits until it is attached to complete the command. During this time the 
display will be blank. You can, of course, regain immediate control of the calculator by 
pressing the STOP key. 


+ ASCII (American Standard Code for Information Interchange) is understood by the Model 30. 


During the implementation of this command, each line being loaded into memory has its 
syntax checked; if a line is in error, it will be rejected — thus, only those lines with 
correct syntax are loaded into the calculator. To obtain a record of the rejected lines, it 
is necessary to put the calculator in the print-all mode prior to executing the PTAPE 
command; in print-all mode, all rejected lines are printed. 


NOTE 


To punch information onto paper tape, use the LIST command as 
discussed earlier. 


-e SEC 


The SEC (Secure) command has the capability of concealing program lines from potential 
users; that is, your program could be given to another person who could load it into the 
calculator from a cassette file and then run it — however, he would not be able to view 
particular program lines nor could he store the program on any other cassette file. (Tape 
cassettes are discussed in the next chapter.) 


Any attempt to display or list a secured program line results in the line number 
appearing, followed by an asterisk (*). 


The SEC command has the following three variations: 


® All program lines in memory can be secured if you press: 


(2) (Ее) 


@ АП program lines, beginning at a specified line number, can be secured. For 
example, all program lines, beginning at line 200 are secured if you press: 


91010180100 


€ Program lines can be selectively secured. For example, program lines 30 through 
60 are secured if you press: 


OIGIGIBIGIBIDIO 


Since a program can have both secured and unsecured program lines, on a program listing 
only the secured lines appear with an asterisk following the line number. 
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When any part of a program is initially secured, the program can stil! be reproduced onto 
as many cassette files as necessary. However, once the program is erased from memory, 
(even though it can be loaded back into memory) no portion of it can be reproduced 
onto any other files — not even an unsecured portion. 


NOTE 
When any program lines are secured, the entire calculator is in a 'secured 


mode'. Therefore, after the secured program is stored away, the user 
should erase all of memory before inputting other programs — thus, 
avoiding 'secured program' errors. 
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NOTES 


Chapter 5 
USING A TAPE CASSETTE 


The tape transport, built into the Model 30, provides the calculator with considerable 
flexibility as described in this chapter. Cassette commands are described beginning on 
page 5-4. 


———9— —9——9—e THE TAPE CASSETTE ——9— —*9—49— —9— 


The -hp- tape cassette used with the Model 30 is a precision unit, containing 300 feet of 
digital-quality, magnetic recording tape. These and other important characteristics make 
this tape cassette ideally suited for use with the calculator. 


- SPECIFICATI 


QNS 
Search Speed: Approximately 130 ft/min (search is bi-directional). 


Data Storage: More than 32,000 words can be recorded. 


— OTHER CASSETTES 


Although many other manufacturers' tape cassettes will initially work with the Model 30, 
many of these products will not make reliable recordings. Also, since the use of some 
tape cassettes will actually damage the tape transport, you should be cautious about using 
other cassettes. 


For additional information on requirements for a tape cassette, contact your nearest -hp- 
Sales and Service Office; office locations are listed at the back of this book. 


— INSERTING TAPE CASSETTES 


To open the transport door, flick the switch on the upper right-hand corner of the 
calculator keyboard. Then insert the tape cassette by sliding it through the guide posts on 
the transport door; be sure the cassette is right-side up with the FRONT label facing you. 
Finally, push the door closed. 


Whenever you want to remove the cassette from the transport, press the key Gewe) first. 
This fully rewinds the tape to clear-leader, thus shielding the recorded portion of the tape 
against dirt or damage. 


— PROTECTING CASSETTES 


The information recorded on a tape cassette can be protected (that is, further recording 
is not allowed) if you remove both tabs that are on top of the cassette — see Figure 5-1. 


If only the left tab is removed, the tape cassette is still essentially protected. But, in this 
case, it would still be possible for someone to insert the tape cassette backwards into the 
tape transport and record over previously recorded information. 

(Continued) 
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(Continued) 


Tab Removed X " 


E их 
ПОХ |: 0162-0050 DIGITAL CASSETTE 
UO VONOTOPSUM COTES 
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Figure 5-1. HP Tape Cassette 


STORING CASSETTES —— 


Since magnetic tapes are easily damaged, be sure to put each tape cassette in its plastic 
case when you have finished using it. Also, to keep the tape clean, be sure it is fully 
rewound (on clear-leader) before you remove it from the tape transport. 


As with most magnetic tape products, the information recorded ín the tape cassette can 
be altered or destroyed if it is exposed to a strong magnetic field, such as one produced 
by a bulk tape eraser, a toy magnet, or a metal detection device (like the ones used in 
many airports). If you keep your tape cassettes in a metal container, such as a card index 
box, they will be protected from most magnetic fields. 


CLEANING THE TAPE HEAD —— 


To ensure the reliability of tape cassette operations, it is recommended that the tape 
head be cleaned after every eight hours of cassette operations, Furthermore, it is always a 
good idea to clean the tape head before making important cassette recordings. 


Figure 5-2. Cleaning the Tape Head 


The tape head is easily cleaned as follows: 
Open the transport door and remove the tape cassette. 


2. Clean the tape head (see Figure 5-2) with a cotton applicator that has been dampened 
with head cleaning solution. Just wipe the top of the tape head a few times with the 
cotton applicator. Remove any other dust that has accumulated in the vicinity of the 
tape head. 


3. Close the transport door. It's a good practice to keep the transport door closed 
whenever possible to prevent excess dust from accumulating in the transport. 


H —*- TAPE FILE STRUCTURE 


The tape is organized by files, which are established by the MARK command (MARK is 
discussed beginning оп page 5-6). The first file on a tape is file Ø, subsequent files are 
identified as file 1, file 2, etc. Both the number of files and the lengths of the files (in 
words) can be designated in a MARK command. 


The tape structure is as follows: 


BOF BOF BOF BOF 
Control Control! Control Control 
Marker Marker uu Marker 
Clear | BOT ||File А File X File File А EOT Clear 
Leader| Slack | ip | Р! Bedv |0 File Body ID ID [Ae Body F. Leader 
A SE E EOE R eS SSS CER CNN 
File Ø File 1 File 2 File n+1 
thru 
File n 
Figure 5-3. Tape Structure 
Clear-Leader: Both the beginning and end of the tape have a clear-leader so 
that the calculator will know when the end of the tape is 
reached. 
BOT Slack: The beginning of tape (BOT) has a small slack (unused) area to 


ensure that file @ is read correctly during cassette operations. 


BOF Control Marker: The beginning of each file (BOF) has a control marker. This 
control marker separates consecutive files. 


File 1D: The file identifier contains information like the file number, the 
file type (program, data, etc.), the absolute file size (in words), 
the current file size (number of words currently in use), etc. The 
13 words used in the file ID are additional to, and separate 
from, the words specified by the user in the MARK command. 


File Body: The file body is the portion of the file used to retain informa- 
tion. The absolute file body size is determined by the MARK 
command specifications. 


EOT Slack: The end of tape (EOT) has an unused area the size of which 
depends on the number of files marked and the length of each 
file. 
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The cassette commands are briefly described below: 


€ MARK — establishes files with specified lengths. 

e STORE — reproduces, onto tape, programs that are in memory. 

e LOAD — reproduces, into memory, programs that are on tape. 

® LINK — works like LOAD but, in addition, it retains variables currently in 
memory. 

@ MERGE — inserts, between program lines currently in memory, program lines that 


are on tape. 
€ FIND — locates a specific tape file. 
@ REWIND — rewinds the tape to clear-leader. 
@ STORE DATA — reproduces, onto tape, data that is in memory. 
@ LOAD DATA — reproduces, into memory, data that is on tape. 
e 


STORE KEY — reproduces, onto tape, information that is on Special Function 
keys (see Chapter 6). 


€ LOAD KEY — reproduces, into the Special Function keys, information that is on 
tape. 


Ф LOAD BIN — reproduces, into memory, specially written programs that are оп 
tape. 


€ TLIST — prints information about each file. 


These commands are discussed individually beginning on page 5-6). 


PROGRAMMABILITY -—e- 


All tape commands are programmable as well as being keyboard executable. The same 
syntax is used in either case. Of course, program statements are preceded by a line 
number and are entered into memory if the END OF LINE key is pressed; whereas 
keyboard commands are executed if the EXECUTE key is pressed. 


Three cassette commands have dedicated keys that can be used when executing the 
commands; i.e., (sew, Cow], ким, However, if any of these commands are to be used in a 
program, the commands must be keyed in, letter by letter. 


CASSETTE 


ГА 
Q 
z 
q 
= 
= 
o 
o 


SYNTAX -*- 


The terminology shown below appears in the command syntaxes: 


array name — the letter used to define the array (A through Z); 

file — the number of the tape file; 

151 line number — the first line number designated; 

2nd line number  — the second line number designated (it can appear only if the first 
line number is designated); 

length — the length of the designated files; 

no. of files — the number of files designated. 


+ A x 
"Сап be a constant, а variable, or an expression. 


The following conventions are also used: 


brackets [ ] — to indicate optional items; 


coloring — to indicate that the colored item must appear as shown. 


Here's an example using the complex version of the STORE command. Once you 
understand this syntax, you should have no trouble with any of the syntaxes. 


Syntax: 


STORE file[, ist line number[, 2nd line number] 1 


Let's look at the syntax, step-by-step, from left to right: 


1. 
2. 
3. 


4. 


The word, STORE, is necessary to identify the command. 
The ‘file’ number is needed to specify the file that will record the program. 


The ‘ist line number’ is optional; but if it is specified, then а comma is needed to 
separate the 'file' from the '1st line number'. 


The '2nd line number' is optional, too; but for it to be specified, the '1st line 


number' must also be specified; if both are specified, then a comma is needed to 
separate the two items. 


Since the brackets are nested in this command, for the most deeply nested item to be 
specified, all other items must be specified, too. If, however, the brackets had appeared 


as: 


1 2 


RN, ern, арены [| |p) 


then this dependency between items would not exist; that is, the information within the 
second bracket could be specified without having the other bracketed information 
specified. 


The syntax requirements for each command are shown individually in the tape command 
discussions and are shown all together on page 5-25. 


>. eo oe ee MARK —9—9——9— ooo om 


The MARK command is used to establish tape files. Both the number of files to be 
established and the lengths of the files (in words) are specified in this command. 
Syntax: 

MARK no. of files , length 


When the MARK command is executed, files are marked beginning at the tape’s current 
location. If the tape is rewound, the marking begins at file Ø; but if the tape is located 
at, say, file 3, then the marking begins at file 3. 


The tape can be located at any file if the FIND command (see page 5-16) is used. 


MARKING NEW TAPES -*— — — 


To mark a new tape, first be sure that the tape is rewound by pressing the key, 
REWIND. Then mark the number of files you want with the lengths that you want. 


If you want, say, three files marked, each with 500 word lengths, press: 
966608550} 


In about ЗО seconds the symbol, i-, appears оп the display, indicating that the operation 
is completed. File @, file 1, and file 2 have now been marked. Each of these files can 
record information up to 500 words in length. 


An extra file, file 3, is also marked. There are two reasons for the extra file: 


е The BOF (beginning of file) control marker (see Figure 5-3, page 5-3) for each 
file serves as an EOF (end of file) control marker for the previous file. 


Ф па FIND command, the extra file can be accessed; so new files can be marked 


beginning at this point. (Had the extra file not been marked, another MARK 
command would have had to re-mark file 2.) 


The extra file should not be used to record information, however, since any information 
in this file will be erased when more files are marked. 


A new tape can also be marked with several files of varying lengths if successive MARK 
commands are used. First, be sure that the tape is rewound. Then to mark, say, two files 
with 300 word lengths, four files with 1000 word lengths, and one file with a 2500 word 
length, execute the following: 


1. MARK 2,300: In about 30 seconds file Ø, file 1, and the extra file (file 2) are 
marked. Then if you execute: 


2. MARK 4,1000: In about 60 seconds file 2, file 3, file 4, file 5, and the extra file 
(file 6) are marked. This MARK command takes considerably longer to execute since 
much more tape is marked. Then if you execute: 


3. MARK 1,2500:+ In about 70 seconds file 6 and the extra file (file 7) are marked. 


Т Of course, the absolute size of a recording is limited by the memory size of the calculator; so, if the memory size of 
your calculator is 1760 words, it would be pointless to mark a file with a length of 2500 words. 


The pictorial below illustrates these MARK commands: 


T T T 
вот [а |1 12 3 4 5 l 6 7 | EOT cae 


Mark 4, 1000 


Sa, 
Mark 2, 300 Mark 1, 2500 


Figure 5-4. Marking Successive Files 


Notice that the extra file marked by each command is temporary, as indicated by the 
dotted file line. The extra file is replaced by a new file each time another MARK 
command is executed. In this case, file 7 is the remaining extra file. Additional MARK 
commands can be executed from this point. 


— MARKING A USED TAPE 


The MARK command is the same for both new and used tapes. But for a used tape, it is 
necessary to position the tape at the file where the marking is to begin. This is 
accomplished by using the FIND command (discussed on page 5-16). 


If the tape is still marked as shown on Figure 5-4 in the previous section, file 5 is located 
if you press: 


i 


0101000) 


You can now mark files beginning at this point. If, however, you wish to retain any 
recorded information that is on file 5 or file 6, then a FIND 7 command is preferable. 
This locates the tape at the extra file, file 7; new files can be marked at this point 
without destroying any previously recorded information (unless you have made the 
mistake of recording on the extra file). 
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NOTE 
Whenever marking a used tape, begin marking at a point from which you 


do not need any of the previously recorded information. For the contents 
of all previously used files from this point onward will be either destroyed 
or altered (even if only a small portion of the tape is re-marked). 


If you are uncertain of the number of marked files, the lengths of the files, the 
information in the files, etc., use the TLIST command as discussed on page 5-23, to 
identify your tape files. 
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The STORE command is used to record, onto tape, programs that are in memory. The 
contents of memory are not altered by this command. If you want to record all program 
lines that are in mainline memoryt, the syntax is simply: 


STORE [file] 


The file specification is optional; for if no file is specified, file @ is assumed. Since file 0 
is the most easily accessible file, it is often convenient to use file Ø as a 'scratch-pad' 
file. = 


So if you press: 


E 
H 
(Store) | с 
u 


All program lines in memory are recorded in file Ø. 


The LOAD, LINK, and MERGE commands (discussed later) also assume file Ø if no file 
is specified. 
For more sophisticated applications, the syntax is: 


STORE file [, 1st line number [, 2nd line number] ] 


1st line number: The first line number specified is the lowest-numbered line in memory 
that you want recorded. АП higher-numbered lines are also recorded unless the 2nd line 
number is also specified. 


2nd line number: The second line number specified is the highest-numbered line in 
memory that you want recorded. All lines between the specified line numbers are also 
recorded. 


If the casse. e is not protected (as discussed on page 5-1), a program can be stored in any 
file that has a length greater than or equal to the size of the program — in words. 


When a program is stored into a tape file, everything previously in that file is erased. 


Examples 


For the following examples, assume lines 10, 20, 30, ... 100 are in memory. If so the 
following commands could be executed: 


STORE 3: All program lines are recorded in file 3. 


* The term, 'mainline memory', is used here to emphasize that programs on Special Function keys are not stored 
unless you are in the KEY mode (see page 6-7). 


t A 'scratch-pad' file is used to retain temporary information. 


STORE 5, 40: АП program lines, beginning at line 40, are recorded in file 5. (To 
specify the 1st line number, you must also specify the file.) 


STORE 4, 40: All program lines, beginning at line 40 are recorded in file @. (Even 
though file @ is used here, it must be designated since the 1st line number is 
designated.) 


STORE 2, 20, 80: АП program lines, from line 20 through line 80, are recorded in 
file 2. (To specify the 2nd line number, you must also specify the 1st line number.) 


STORE X+3, 60: All program lines, beginning at line 60, are recorded in the file 
indicated by the expression, X43. So if X24, the program lines are recorded in file 7. 


NOTE 
Do not confuse the STORE key with the LOAD key. If, by mistake, you 


execute a LOAD command instead of STORE, you could erase the 
program in memory. Likewise, if, by mistake, you execute a STORE 
command instead of LOAD, you could erase the program on tape. 


LOAD 
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The LOAD command takes programs that are stored on tape and reproduces them into 
the calculator memory. 


To replace the information in memory by the program lines in a specific file, you can use 
the following syntax: 


LOAD [file] 
The file specification is optional; if no file is specified, file Ø is assumed. 


So if you press: 


The program lines from file @ are loaded into memory. Information previously 


in memory is erased. 
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Or if you press: 


nuo 


пао (4). The program lines from file 4 are loaded into memory. Information 
a E previously in memory is erased. 


For more sophisticated applications, the syntax is: 
LOAD file [, 1st line number [, 2nd line number] ] 


Whenever the LOAD command is executed, all program lines in the specified tape file are 
reproduced into memory. АП program lines previously in memory are erased unless the 
1st line number is specified. 


Whenever the 1st line number is specified, the reproduced program lines are renumbered 
with the beginning line number corresponding to the specified 1st line number. (The 
spacing between consecutive line numbers remains the same; furthermore, statements, like 
GO TO 30,1 are appropriately renumbered.) Program lines previously in memory, with 
line numbers lower than the 1st line number, are retained; all other lines previously in 
memory are erased. 


in the calculator mode (after the program is loaded into memory); 


@ |f the 2nd line number is not specified, the calculator halts. 
€ |f the 2nd line number is specified, program execution begins at this line number. 


In the programming mode (in this case, specifically after the LOAD command is executed 
during program execution): 


e |f the 2nd line number is not specified, program execution is 'restarted' either 
with: 


— the program line immediately following the LOAD command in the original 
program, ot with 


+ A GOTO statement in a tape file must refer to a line in the file for the renumbering to be successful; if the GOTO 
statement on tape refers to a program line currently in memory, an error will occur when the renumbering is 
attempted. 
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— the first line of the loaded program; that is, if there were no lines after the 
LOAD command in the original program, or if the lines were destroyed by the 
LOAD command. 


€ |f the 2nd line number is specified, program execution is 'restarted'T with this 
line number. 


Examples 


For the following examples, assume that lines 5, 15, 25, ... 95 are originally in memory 
and that lines 10, 20, 30, ... 100 are in file 4. 


LOAD 4: The program lines from file 4 replace all the program lines previously in 
memory. 


LOAD 4, 10: АП program lines from file 4 are loaded into memory. The first line 
loaded into memory is assigned line number 10 and the other lines are appropriately 
renumbered (however, in this example, the first line loaded into memory was already 
line number 10 — so no renumbering is necessary). Only the program lines previously 
in memory, with line numbers lower than 10, are retained; so in this example, line 5 
is retained. Therefore, the lines in memory would be: 5, 10, 20, 30, ... 100. 


LOAD 4, 30: This is like the previous example except that, in this case, the 
renumbering is necessary since '30' does not correspond to the first line loaded into 
memory. After this command is executed, the lines in memory are: 5, 15, 25, 30, 40, 
50, ... 120. Notice that lines 5, 15, and 25 are retained. 


LOAD 4, 30, 5: This is like the previous example except that, in this case, after the 
command is executed, program execution begins at line 5. 


The following examples use LOAD in the programming mode: 


#1 in memory in file 7 


When line 95 is executed, the program in file 7 replaces all program lines previously in 
memory. The new program then begins execution at line 10. 


#2 in memory in file 2 


This is like the previous example, except that both programs have a COM statement. So, 
even though the original program is replaced by the program in file 2, variables that are 
‘common’ to both programs (via the COM statement) retain their current values. 


+ The term, ‘restarted’, is used here because, during program execution, the LOAD command functions as though — 
RUN EXECUTE — had been pressed: variables (except for those defined by COM) become undefined, operating modes 
like STANDARD and RAD (radians) are reset, etc. 
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(Continued) 


#3 in memory in file 8 after 
LOAD command 


When line 95 is executed, the program from file 8 is loaded into memory beginning at 
line 10. The COM statement, line 5 in the original program, is retained since this line is 
numbered lower than line 10. Since the COM statement is retained, the values of the 
variables, X and Y, are also retained. 


#4 іп memory in file 4 after 
LOAD command 


When line 25 is executed, the entire program in file 4 is loaded into memory and 
renumbered beginning at line 50. All lines previously in memory that are numbered lower 
than line 50 are retained. Program execution is then restarted at line 35 since this line 
immediately follows the LOAD command. [In this example, however, error 40 (unde- 
fined variable) would occur in line 45 since the variable (E) no longer has the value 
assigned to it in line 15; the LINK command, described in the following section, could 
have been used here instead of LOAD.] 


#5 in memory in file 6 after 
LOAD command 


When line 95 is executed, the entire program in file 6 is loaded into memory and 
renumbered beginning at line 20. [Notice that the number referenced in the GOTO 
statement (line 90, file 6) is also appropriately renumbered.] Since lines 5 and 15 from 
the previous program are lower than line 20, they are retained. Program execution is then 
restarted at line 5. 


if a COM statement is in the original program and if a LOAD command erases COM, the 
variables specified in COM can no longer be accessed; but a portion of memory is still 


allocated to the 'common' variables. Then if another program, having COM, is loaded into 
memory, the ‘common’ variables are once again accessible. 


Increasing Effective Calculator Memory 


As shown in the previous examples, LOAD can be used to chain programs together, piece 
by piece. With a COM statement in each program segment, only the variable values 
needed in each program segment are retained, and the program lines in the previous 
segment can be erased. So a maximum of memory is always available. Therefore, it is 
possible to execute, a portion at a time, programs that would otherwise be too large to 
execute on the Model 30. 


—— — MP ФФ ФФ Ф LINK ———9—9— —9— —9— —9——9— 


Like the LOAD command (see previous section), the LINK command takes programs that 
are stored on tape and reproduces them into the calculator memory. 


LINK and LOAD have the following differences when executed: 
e With LOAD, the values of variables not referenced in COM statements become 
undefined; whereas with LINK, all variable values are retained. 


e With LOAD, the calculator reverts to normal operating modes, like RAD and 
STANDARD; whereas with LINK, the current operating modes, say, DEG and 
FIXED 2, are retained. (But the data pointer is reset with either LOAD or LINK 
— see DATA statement, page 3-18.) 


The LINK syntaxes parallel the LOAD syntaxes: 


LINK [file] 
or 
LINK file f, 1st line number f, 2nd line number] ] 


The specifications in the LINK syntax follow the identical rules as the specifications in 
the LOAD syntax. 


There is no key for the LINK command, so the word, LINK, must always be typed in. 
Since LINK is most useful in the programming mode, the following examples show its 
practical uses. 


Examples 


#1 in memory in file 2 


When line 95 is executed, the program on file 2 replaces all program lines previously in 
memory. This program then continues execution with line 10. The variables, X and Y, 
defined in the original program, retain their values. Also, operating modes that were 
defined in the original program (like FIXED 3) are retained. Had LOAD been used 
instead of LINK, the variables, X and Y, would have been undefined; and the operating 
mode, FIXED 3, would have reverted to STANDARD. 


(Continued) 
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(Continued) 


#2 in memory in file Ø after 
LINK command 


When line 25 is executed, the program in file 9 (since the variable, Y, equals 0) is linked 
to the existing program beginning at line 30. Program execution then continues at line 
30. The last statement in this program, 100 GOTO 15, returns the program to line 15 
where the variable (Y) is incremented by 1. When line 25 is again accessed, the program 
in file 1 will then be linked to the current program in memory. 


4 This statement is acceptable since renumbering does not occur in this example, 


—— «4 — —M9— —«— <> MERGE —9—9-—9——e9— —e— —9- —-— 


The MERGE command takes program lines from a tape file and positions them in 
memory in front of the program currently there, between consecutive lines in the 
program currently there, or behind the program currently there. 


The MERGE command always retains the program lines previously in memory. 


The following simplified syntax can be used: 
MERGE [file] 


The file specification is optional; if no file is specified, file Q is assumed. 
Examples 


In these examples assume that the following six program lines are in memory: 
10, 20, 80, 90, 100, 110 


e |f the program lines in file 7 are 30, 40, 50, 60, and 70, then the following 
command could be executed: 


MERGE 7: This inserts program lines between lines 20 and 80 of the program 
currently in memory. Then the program lines in memory would be 10, 20, 30, 
... 110. 


e |f the program lines in file 8 are 1, 2, 3, ... 9, then the following command 
could be executed: 


MERGE 8: This inserts program lines in front of the program currently in 
memory. Then the program lines in memory would be 1, 2, 3,... 9, 10, 20, 80, 
90, 100, 110. 


e |f the program lines in file 9 are 115, 125, ... 205, then the following command 
could be executed: 
MERGE 9: This inserts program lines behind the program currently in memory. 
Then the program lines in memory would be 10, 20, 80, 90, 100, 110, 115, 125, 
... 205. 


e |f the program lines in file 10 are 85, 95, 105, 115, the command — MERGE 10 
— could not be executed since the line numbers in the two programs cannot be 
interwoven; any attempt to do so results in an error. 


e |f the program lines in file 11 are 20, 30, ... 70, the command — MERGE 11 — 
could not be executed; for if any line number on the file matches a line number 
currently in the program (in this case, line number 20), an error occurs. 
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For more sophisticated applications, the syntax is: 
MERGE file [, 1st line number [, 2nd line number]! 


The syntax specifications are much like those for LOAD and LINK. If the 1st line 
number is specified, the program lines on the specified file are renumbered beginning 
with the 1st line number. The spacing between renumbered lines remains the same. 


In the calculator mode: 


€ |f the 2nd line number is not specified, the calculator halts after the program 
lines are merged. 


e |f the 2nd line number is specified, program execution begins at that line after 
the program lines are merged. 


In the programming mode (that is, after the program lines are merged): 


€ |f the 2nd line number is not specified, program execution is restarted* with the 
line immediately following the MERGE command. 


€ if the 2nd line number is specified, program execution is restarted} at that line. 
Examples 


For the following examples, assume that the program lines currently in memory are 70, 
80, 90, 100. 


€ |f file 4 has lines 20, 30, ... 70, the following command can be executed. 


MERGE 4, 10, 10: By specifying the 1st line number as 10, the program lines 
from file 4 are renumbered so that they will fit in front of the program lines 
currently in memory. Then the lines in memory are 10, 20, ... 100. Since the 
2nd line number is specified as 10, program execution begins at that line. 


€ |f file 5 has lines 1, 2, ... 100 and you want to insert these lines between lines 
70 and 80 currently in memory, it would be necessary first to renumber the lines 
currently in memory to allow for a 100 line insertion. The command — REN 
700,200 — achieves this and renumbers the lines in memory to 700, 900, 1100, 
1300. So the MERGE command could then be — MERGE 5,750. The lines in 
memory would then be 700, 750, 751, 752, ... 849, 900, 110, 1300. 


1 Restarting program execution means that although the program does not halt, the values of variables are erased and 
operating modes are reset. 


FIND 
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The FIND command is used to locate a specified tape file. It has two primary functions: 


€ |t is used with the MARK command to locate the tape file at which marking is to 
begin. 


€ |t is used to locate the next tape file that is to be accessed. This can have 
considerable time savings in either the calculator or programming mode since 
other operations can still be performed while the FIND command is being 
executed. 


The syntax is as follows: 
FIND file 


As soon as the FIND command begins execution, the tape searches forward until the first 
file ID is encountered. When it is encountered, both the direction and the number of files 
that the tape must travel are known. At this point, control of the calculator is regained by 
the user while the tape continues to search for the desired file. In the calculator mode, 
control is regained when the symbol 'i-' appears on the display; whereas in the 
programming mode, control is regained when the program continues executing. (Inciden- 
tally, in the programming mode, if any other cassette command is encountered while the 
FIND command is still executing, the FIND command is immediately overridden by the 
new cassette command.) 


Example 


When line 100, FIND 8, is executed, the tape cassette searches forward to determine its 
correct location. When the first file ID is found, the tape continues the search in high 
speed and the program continues execution at line 110. When line 200 is finally accessed, 
the tape is already positioned at file 8, so the LINK command can be immediately 
executed. (However, if file 8 had not already been located, the LINK command would 
have overridden the FIND command, continued the search, and performed the linking 
operation.) 
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The REWIND command causes the cassette to rewind to clear-leader. However, any other 
cassette command immediately overrides the REWIND command. 


Al! other cassette commands have their execution terminated if the STOP key is pressed. 
But the quickest way to terminate the REWIND command it to open the transport door. 


The syntax is simply: 
REWIND 


In the calculator mode, the internal tape cassette is most easily rewound if you press the 
REWIND key. But in the programming mode, REWIND must be keyed in, letter by 
letter. 


In the programming mode, the REWIND command can be specified after all other 
cassette commands to ensure that the tape is on clear-leader when the program is finished 
and the cassette is removed from the transport. 


STORE DATA 
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The STORE DATA command takes data from memory and reproduces it onto tape. Data 
can be specified in either of two ways: 


€ |f an array name (A through Z) is specified in the command, the value of each 
variable in the array is stored in a tape file. 


® |f no array name is specified in the command, the values of all variables defined 
in a COM statement are stored.t (From a COM statement, both simple and array 
variables can be stored.) 
The syntax is: 
STORE DATA file [, array] 


As mentioned, if the array is not specified, the variables referenced in the COM statement 
are stored. 


All variables stored need not have assigned values. For instance, a 20 element array — 
A(20) — could be stored on tape, while an element within the array, say, A(6), has no 
defined value. 


The STORE DATA command can be executed in the calculator mode. But to do so 
generally requires either a COM or a DIM statement in memory and always requires that 
the calculator must have been previously initialized by either a RUN or an INITIALIZE 
command. 

Here are two examples of using STORE DATA in the programming mode. 


Examples 


#2 


Example No. 1: In this example the STORE DATA command, line 70, references a 
variable file (Z), which is assigned a value in line 60. Since no array is specified by 
STORE DATA, all variables referenced in the COM statement are stored on the specified 
file. 


Example No. 2: !n this example the STORE DATA command, line 50, references file 3 
and array B. So all the variables in the B array are stored in file 3. Notice that although 
B(1) through B(30) are all stored, B(26) through B(30) remain undefined. 


T For those who have the 'String Variables ROM' — string variables can be stored only in this manner; that is, by being 
referenced in a COM statement. 


The file specified by STORE DATA must be large enough to include the entire array 
even if many of the array variables do not have assigned values. 


NOTE 


In general, it is a good idea to mark file sizes larger than the information 
that is going into the files. This is especially true when storing data. 


——4»—4——9—49——9— LOAD DATA —9—9— > > —9——e9-— 


The LOAD DATA command takes the data that was previously recorded in a file (with 
the STORE DATA command) and reproduces it into memory. 


The syntax parallels the STORE DATA syntax: 
LOAD DATA file [, array] 


If an array is specified in the STORE DATA command, then the LOAD DATA command 
that subsequently accesses the same file must also specify an array (although the array 
name specified need not be the same as the one used in the STORE DATA command). 


If no array is specified in the STORE DATA command, then the corresponding LOAD 
DATA command cannot specify an array. If STORE DATA did not specify an array, the 
variables from the COM statement were stored; so when the corresponding LOAD DATA 
statement is executed, a COM statement that parallels the previous COM statement 
should be in memory. 


Examples 


#1 storing data (then after memory is erased} 
loading data 


a 


Line 6, STORE DATA 2, in the original program stored the values of the variables 
specified in the COM statement. Since an array was not specified in this STORE DATA 
command, the subsequent LOAD DATA command cannot specify an array either. 


Notice that the COM statement used for the LOAD DATA command need not specify 
the same variable names as the COM statement that is used with the corresponding 
STORE DATA command, But simple variables should correspond to simple variables, 
arrays should correspond to arrays of the same size, split-precision arrays should 
correspond to split-precision arrays, etc. 

(Continued} 
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(Continued) 


#2 storing data (then after memory is erased) 
loading data 


Line 50 in the original program stored the elements of array A into file 5. Since an array 
was specified in this STORE DATA command, the subsequent LOAD DATA command 
must also specify an array. The array name specified by LOAD DATA need not be the 
same as the array name specified by STORE DATA; however, it must be dimensioned at 
least as large as the stored array. 


NOTE 


If you have recorded data on a cassette using either an HP Model 10 or an 
HP Model 20 Calculator, you can load the data back into the Model 30 
Calculator. Use the LOAD DATA command with the ‘array’ specification 


— and be sure that a COM or DIM statement in memory is large enough 
to assign variable names to all the data being entered. If the data was 
recorded using the Model 20, however, it will be loaded into the Model 30 
in the reverse order. 
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The STORE KEY command takes the information that is defined on all the Special 
Function keys (see Chapter 6), and reproduces this information onto tape. 
Syntax: 
STORE KEY file 
Sometime later, after the information on the Special Function keys has been erased, the 


corresponding LOAD KEY command can be executed to put the information back on 
the Special Function keys. 


>_>. Ф —»——^»——— LOAD KEY —— —9— —9-— —9-———-——-—«-— 


The LOAD KEY command takes the information that was previously recorded in a file 
(with the STORE KEY command) and reproduces it onto the Special Function keys. 


Each Special Function key can then perform the same operations that it previously did 
before being stored on tape; that is, a program, a function, or text previously defined on, 
say, fg, is once again defined on f. 


Syntax: 
LOAD KEY file 


If, say, the information on the 'BASIC' key overlay (supplied with the Model 30) is 
entered onto the Special Function keys as text, it can be reproduced onto tape with a 
STORE KEY command. Then anytime this information is needed, the corresponding 
LOAD KEY command can be executed. 


& 
LOAD KEY 
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LOAD BIN 
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The LOAD BIN (Load Binary) command reproduces into the calculator memory, from 
tape, binary information (assembly language programs). The assembly language program 
may be, for instance, a system diagnostic or an I/O subroutine. 


The assembly language program cannot be listed or displayed, nor can it be stored onto 
tape by the user. 
Syntax: 

LOAD BIN file 


NOTE 


Files on cassettes are tagged as unused files, binary files, data files, 
program files, or key files. 11 an attempt is made to load from a particular 


file and the specified command incorrectly identifies the file tag, an error 
occurs. For example, executing the command, LOAD BIN 2, when file 2 
is a data file, causes an error to occur. 


————9——9——9— < TLIST —9—9— —9— —9— —9 2. —9— 


Beginning at the tape's current location, the TLIST command prints the information that is 
contained in subsequent file ID's (see Tape Structure, Figure 5-3). 


Syntax: 


TLIST 


The information for each file is printed on one line. There are no column headers 
identifying the information in each line; the assumed headers and their explanations are as 
follows: 
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1. File No: 


2. File Type: 


3. Absolute File Size: 


4. Current File Size: 


b. First Program Line No: 


6. Last Program Line No: 


7. Common Area: 


The first column always specifies the file number. 


The five file types are coded as follows: 


for an unused file 
for a binary file 
for a data file 

for a program file 
for a key file. 


Ф о № ~ б 


Furthermore, if the file is secured, (see раде 4-15) a ‘2’ 
appears in front of the code number. For instance, the code 
for a secured program file is '23'. (Data files cannot be 
secured, however.) 


The length (in words) that the file was marked. 
The number of words currently being used. 


For program files, this column displays the lowest line 
number on the file. But for data files, this column has 
another meaning. It is coded as follows: 


Ø for a full-precision array 

1 fora split-precision array 

2 foran integer-precision array 

3 for variables stored via the COM statement. 


For program files, this column displays the highest line 
number on the file. For any other file type, this column has 
no meaning. 


For program files, this column displays the number of words 
of memory needed for the COM specifications. For any other 
file type, this column has no meaning. 


TLIST 


CASSETTES 
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Besides the tape transport built into the Model 30, up to nine peripheral cassette memories 
can be added to the Model 30. 


The peripheral is referred to as the 9865A Cassette Memory. Four cassette memories can be 
connected directly to the calculator through the four 1/0 slots in the rear panel. If you have 
a 9868A 1/0 Expander, however, up to nine cassette memories can be added (this would 
still leave four I/O slots available for other peripherals). 


If any of the peripheral cassette memories are used, all the commands previously discussed 
can still be used. But in order to specify which cassette is being accessed, the select code of 
the peripheral cassette must appear in the command immediately after the command name. 
For example, the following sample syntaxes can be used to specify a peripheral cassette: 


STORE # select code [ file] 

LOAD # select code , file [,1st line number[,2nd line number] ] 
FIND # select code, file 

REWIND # select code 

STORE DATA £ select code, file [ array] 


All cassette command syntaxes can be updated in this manner to specify a peripheral 
cassette. The number sign ’#’ is always required. 


Peripheral cassette select codes are identified as #1 through #9. The internal tape transport 
has select code #10; if no select code is specified in a tape command, select code #10 is 
assumed. 
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Legend 
brackets [ ] — items enclosed within brackets are optional. 
coloring — colored items must appear as shown. 
array name — the letter used to define the array (A through Z). 
file — the file number; can be a constant, a variable, or an expression. 
1st line number  — the first line number designated. 
2nd line number — the second line number designated; it can appear only if the first 
line number is designated. 
length — the files' lengths; can be a constant, a variable, or an expression. 
no. of files — the number of files; can be a constant, a variable, or an expression. 
FIND file 


Locates a specific tape file. 


LINK [file] or LINK file [, 1st line number [, 2nd line number] ] 
Works like LOAD but, in addition, it retains variables currently in memory. 


LOAD [file] or LOAD file [, 1st line number [, 2nd line number] ] 
Reproduces, into memory, programs that are on tape via STORE. 


LOAD BIN file 
Reproduces, into memory, assembly language programs that are on tape. 


LOAD DATA file [, array] 
Reproduces, into memory, data that is on tape via STORE DATA. 


LOAD KEY file 
Reproduces, into the Special Function keys, information that is on tape via STORE 
KEY. 


MARK no. of files , length 
Establishes files with specified lengths. 


MERGE [file] or MERGE file [, 1st line number [, 2nd line number] ] 
Inserts, between program lines in memory, program lines that are on tape via STORE. 


REWIND 
Rewinds the tape to clear-leader. 


STORE [file] ог STORE file [, 1st line number [, 2nd line number] ] 
Reproduces, onto tape, programs that are in memory. 


STORE DATA file [, array] 


L 


Reproduces, onto tape, data that is in memory. 


STORE KEY file 
Reproduces, onto tape, information that is on the Special Function keys. 


TLIST 
Prints information about each file. 
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Chapter 6 
SPECIAL FUNCTION KEYS 


The Special Function keys, located in the upper left-hand portion of the keyboard, add 
considerable flexibility to the Model 30. 


There are 10 keys, labeled К through fọ, in this region. There are, however, effectively 
20 accessible Special Function keys since each key can be accessed normally or with the 
SHIFT key held down.* 

The Special Function keys can be used effectively in three ways: 


€ To represent text (where text can be used as a typing aid). 
€ То represent either single-line or multiple-line functions. 
® To represent programs. 


These three uses will be discussed individually after a brief introduction to entering and 
exiting the Special Function mode (referred to hereafter as the 'KEY mode"). 


— < > ENTERING AND EXITING KEY MODE ——9— —— 


To put information on a Special Function key, it is necessary first to enter the KEY 
mode by pressing: 


Б) { 
if there is no information оп the key, the display will now be: 


Е Ü 


Whenever you are in the KEY mode and you press the CLEAR key, this same display 
will appear. 


While in the KEY mode, you can input as discussed in the following sections. 


To exit the KEY mode, merely press the END key. Often, the KEY mode is 
automatically exited when certain operations are performed. These operations are also 
discussed in the following sections. 


T We will refer to al! 20 keys as fy through Но: fy through 6 in the normal mode, and Бо through f,, in the shifted 
mode. 


= The particular key specified (f, through Ко) is the one accessed by the command. Any time f, is referred to in this 
text, any of the twenty keys can be specified. 


ENTERING AND 
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KEYS AS TEXT 
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A Special Function key can be used as a typing aid, as illustrated in the following 
example: 


Example 


First a key, say #0, is accessed by the method previously shown: 


If no information is on the key, — KEY i- — appears on the display. Then text can be 
entered if an asterisk (*) is keyed in first, If you plan to write a program with several 
PRINT statements, you can key in: 


GIGIGIDIO OU CS 


The END OF LINE key is necessary to complete the entry. After it is pressed, the KEY 
mode is automatically exited. 


Even if information is already on the key, the method just discussed can be used. But, 
when the END OF LINE key is pressed, everything previously on the key is erased. 


Once the key is defined as text, the text is immediately accessible. If you are writing a 
program and you want line 55 to be a PRINT statement, press: 


oe 


and the display is: 


B 


Then the rest of line 55 can be keyed in normally. 


Notice, anything already on the display is retained when the typing-aid key is pressed. 


Any Special Function Key can be used in the manner just described. 


The text that is on a Special Function key can be a command; e.g., 
sec (0C) G) GC) 


Then whenever you want to execute this command, you can press: 


However, it would be more convenient if this were an ‘immediate execute’ command. If 
an asterisk both precedes and follows the command, it is immediately executable. For 
example, press: 


Ces (CE) 


and the display is: 


This text can be edited to include the asterisk immediately after the text. Just press: 


and the line now in memory is: *LIST1,30* 


Then whenever you want to execute this command, just press: 


CA) 


—— 9 —9 <-> KEYS AS FUNCTIONS — > < > — 


A Special Function key can be used to store either single-line or multiple-line functions. 
(Single-line and multiple-line functions are discussed beginning on page 3-32.) 


To put a single-line function on a key, the function must be entered as a program line, as 
shown in the following example: 


Example 


First a key, say (#1, is accessed normally: 


If there are program lines already on this key, they can be easily deleted if you press: 


QUOD 


(If there is text on the key, it is automatically deleted when the first program line is 
entered.) 


macom«m 


A DEFFN statement can then be input. It must be the lowest-numbered program line on 
that key. For example, key in: 


Cee Googe soc leo css 


Then to evaluate this function for a particular value of X, say 3, first press the 
appropriate key:* 
fi 


(continued) 


T It doesn't matter whether or not you are in KEY mode when you perform this operation, You could have previously 
exited from KEY mode if you had pressed the END key. 


p 
2 
Q 
= 
o 
2 
5 
u 
ue 
< 
о 
> 
ш 
x 


[2] 
= 
< 
[4 
9 
o 
ш 
a 
СЯ 
< 
e 
> 
ul 
х 


6-4 


——— —9——9— KEYS AS FUNCTIONS ——9——e9——e9— —*9-— 


(continued) 


The function name is immediately displayed: 


Solving for ЕМАЗ is then accomplished merely by keying in the 3 and pressing the 
EXECUTE key. 


In this example the result, 24, would then be displayed. 


After the function is evaluated, the KEY mode is immediately exited. 


In the previous example, the function could also be called by a program that is being 
run. If the program is in mainline memory and the function, FNA, is called, the 
calculator first searches mainline memory to see if the function is defined there; if it is 
not, the calculator then searches the first line of each Special Function key (in the order 
in which they were defined) to see if the function is defined on a key. If the program 
that calls the function is on a key, the calculator first searches each line of that program 
to see if the function is defined there; if it is not, the calculator then searches the first 
line of each Special Function key (in the order in which they were defined); finally the 
calculator searches mainline memory. Hence, it is possible for a function to be defined in 
more than one place. Then if a program calls on the function, the particular function 
called depends on the order of the search. 


Multiple-line functions can be on a key, also. As in single-line functions, just be sure that 
the DEFFN statement is the lowest-numbered statement on the key. By doing so, when 
the key is pressed, the function name appears on the display; then the function can be 
immediately evaluated. 


———e9-——e9——e——9- KEYS AS PROGRAMS ——9— —9— < — 


A Special Function key can contain an entire program. The program can be keyed in just 
like any other program once the specified key is accessed. Automatic line numbering can 
be used, the editing keys can be used, etc. 


Only the COM statement is restricted. If COM is used and if COM was previously 
specified in mainline memory, the number of elements specified by COM in the KEY 
mode can be no greater than the number specified in mainline memory — for there is 
only one common area allocated in memory. 


After a program is entered into a particular key, the KEY mode can be immediately 
exited if the END key is pressed. 


A program on a specified key can be run if you press: 


The KEY mode is exited if the program is terminated by an END statement. 


Often it is more convenient to perform a 'continue' operation on a program in the KEY 
mode. This is done simply by pressing the appropriate (7&7. 
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In this case, no additional array variable storage is allocated, no variable values are erased, 
etc. So if just the key is pressed, the program executes as though a CONT command had 
been given. 


The following example shows a simple application for using Special Function keys in this 
way: 


Example 


If the following program is in mainline memory: 


Mainline Memory 


and the following two programs are on keys, f; and f,, respectively: 
f; fe 


When the program in mainline memory is run and line 20 is accessed, the number of 
entries to be keyed in must be specified. Then each time the program loops, another 
input is accepted. After the program is completed, the user can press C4 to determine 
the total of the inputs and the user can press C40 to determine the average of the inputs. 


In this example, if either of the following were pressed instead: 


an error would occur since the RUN command erases variable values specified in a 
previous program, in this case, Z and N, whose values are needed for the Special 
Function programs. 


If the program in mainline memory is run and the following entries are executed each 
time a ? appears: 


indicating the number of entries 


8 93 82 88 75 68 94 97 77 
———MMÓ MÓ————— 


the 8 entries 


When the program halts: 


€ |f you press Сх, the printout is: 
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— <_< ADDITIONAL KEY OPERATIONS ——e— —— 


KEYBOARD COMMANDS -*—— - 


If you are т KEY mode, located at a specified key that contains a program, in general, 
operations can be performed the same as in normal mode: 


al i to run the program. 
m 


А 
Сета) (2) (| to display line 25. 


macomxm 


29191] to list all program lines, beginning at line 15. 


Other commands, such as REN and DEL, can also be used in this manner. 


To erase all information on the keys, press: 


EEJ 


ea) 
| 


| erases everything on the keys — of course, it also erases 


which only erases information on keys. 


acomxm 


m 


(SeRATCH (^) 


macomxm 


everything else in memory. 
V 


Whether or not you are in KEY mode, the following command does not erase programs 
or text on keys. 
n Of course, this command does erase all programs in mainline 
E H . . ж А 
= ¢ | memory. Furthermore, it does erase all variables defined т 
t | the calculator. 


Some commands, however, can be directed at a particular key, whether it is a program, a 
function, or a typing-aid key. 


п 
25 
a9 
ёч 
ot 
eu 
25 
<> 
ш 
x 


ewa CEI where only the specified key is erased. 


Csr Ся) where everything on the specified key is listed. 


— CASSETTE COMMANDS 
The tape cassette commands were discussed in Chapter b. However, those commands that 


can be used with the Special Function keys are mentioned here, also. (In these examples, 
file 5 is arbitrarily selected.) 


e (к) (Е)(*) (s) 


Everything on all the Special Function keys is 
stored in file 5. 


The information in file 5 is loaded back into 
memory in the same order in which it was 
extracted; that is, the information previously in 
each fy will be loaded back into each f,. 


ca(x)(e)(y)(s)| 


macomxm 


To load information into memory with a LOAD KEY command, the information must 
have been previously stored with a STORE KEY command. 


A program on a particular key can be stored in a file, too. First, access the key with a 
FETCH command. Then use a STORE command to put it in a file. 


~ 


The program in the specified f, is stored into file 5. 


FETCH СЕ) (store) à M + ‘a 
(5) (Typing-aid keys cannot be stored in this manner.) 


macomxm 


To load this program back on a key at some later time, press: 


maecomxm 


Once a key is accessed, other tape commands, like LINK and MERGE, can be used in 
this manner. 


— KEY OVERLAYS 


Three overlays are supplied for the Special Function keys. They are easily inserted over 
the Special Function keys if you lock the extended tab on the right into the appropriate 
keyboard slot. Then press the overlay down over the keys and secure it with the left tab 
lock. 


Two of these overlays, BASIC and MATH, have words pre-printed corresponding to 
specified keys. If desired, each pre-printed word can be keyed into the appropriate f, as a 
typing-aid key. Then the STORE KEY command can be used to retain all the 
information on tape for easy accessibility. The third overlay, SPECIAL FUNCTIONS, can 
be labeled any way you want. 
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APPENDIX A 


CALCULATOR AND PRINTER 
INSTALLATION PROCEDURES 


This appendix contains inspection, installation, and maintenance procedures for your 
calculator and printer. 


— <_< < THE CALCULATOR — > — 


-— INSPECTION PROCEDURE 


The various parts of your calculator system were carefully inspected before they were 
shipped to you. All equipment should, therefore, be free of scratches and should operate 
properly. Carefully inspect the calculator, plug-in ВОМ”, peripheral equipment, cables, 
etc., for physical damage sustained in transit. Notify HP and file a claim with the carrier 
if there is any such damage. 


Please check to ensure that you have received all of the items which you ordered and 
that any options specified on your order have been installed in your calculator. Decals 
located inside the ROM door (see Figure C-1) show the option number of any internal 
option installed in the calculator. Also check to ensure that all accessories are present 
(refer to 'Equipment Supplied' in Appendix B). 


If you wish to check the operation of your system, or any part of it, refer to the System 
Test Instructions book, which contains the information needed to run the System Test 
Cassette. Before running the test, however, be certain that your calculator is properly 
installed. 


If you have any difficulties with your system, if it is not operating properly, or if any 
items are missing, please contact your nearest HP Sales and Service Office; addresses are 
supplied at the back of this book. 


м POWER REQUIREMENTS 


The Model 9830A Calculator has the following power requirements: 


€ Line Voltage: The calculator operates from nominal powerline voltages of 100, 120, 
220, and 240 ac volts. The range of operation is from —1096 to +5% of each nominal 
voltage. Two switches on the rear panel of the calculator enable any one of the four 
voltages to be selected (refer to page A-3, Initial Turn-on). 


€ Line Frequency: The calculator can be operated with any line frequency from 48 Hz 
to 66 Hz (nominally 50 Hz and 60 Hz). 


@ Power Consumption: With no peripheral equipment connected, the calculator requires 
a maximum of 150 voltamps. 
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———9——9——9—9- THE CALCULATOR —-9—9——9— —e-——e-— 


(Continued) 


POWER OUTLETS ~— 


There are two power outlets on the rear panel of the calculator (see Figure A-1). These 
are used to supply ac power to peripheral equipment. No more than a combined total of 
610 voltamps must be drawn from these two outlets. The outlets are ‘live’ whenever the 
calculator is plugged in; they are not switched on or off by the LINE ON/OFF switch on 
the front of the calculator. 


Power Outlets for Printer Signal 


Peripheral Devices Connector Calculator Fuse 


Fan Filter 
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Powerline Voltage 
Switches 


Power Input Main Fuse 


Figure A-1. The Rear Panel 


GROUNDING REQUIREMENTS —-— — —— 


To protect operating personnel, the National Electrical Manufacturers’ Association 
(NEMA) recommends that the calculator keyboard and cabinet be grounded. The 
calculator is equipped with a three-conductor power cable which, when connected to an 
appropriate power receptacle, grounds the keyboard and cabinet of the calculator. To 
preserve this protection feature, do not operate the calculator from an ac power outlet 
with no ground connection. 


FUSES —— 
The calculator has two fuses, which are located on the rear panel (see Figure A-1). 


The main fuse is a 6-amp fuse. It protects the calculator and any peripheral devices 
connected to the two power outlets on the rear of the calculator. 


The calculator fuse is either a 2-amp fuse for 100 or 120 ac volt operation, or a 1-amp 
fuse for 220 or 240 ac volt operation. This fuse protects the calculator only. 


WARNING 
TO AVOID THE POSSIBILITY OF SERIOUS INJURY, ALWAYS DIS- 


CONNECT THE CALCULATOR FROM ITS POWER SOURCE BEFORE 
CHANGING A FUSE. 


To change a fuse, first disconnect the power cable from the calculator. Next, press 
inward on the fuse-holder cap while twisting the cap in the direction indicated by the 
arrow on the cap. Withdraw the cap and fuse from the fuse-holder and remove the fuse 
from the cap. Insert the replacement fuse (either end) into the cap; then put the fuse and 
cap back into the fuse-holder. Press on the cap and twist it in the direction opposite to 
that indicated by the arrow until the cap is properly locked into place. 


oO —— e ANITIAL TURN-ON 


With the calculator disconnected from its ac power source, verify that the correct 
calculator fuse has been installed for the powerline voltage in your area (refer to the 
previous section, Fuses). 


Next, ensure that the two switches on the rear panel are set for the correct powerline 
voltage. Figure A-1 shows the location of the switches and Figure A-2 shows the correct 
settings for each nominal line voltage. М it is necessary to alter the setting of either 
switch, insert the tip of any small instrument into the white slot on the switch. Slide the 
switch so that the position of the white slot corresponds to the desired voltage, as shown 
in Figure A-2. 


L 
L 
- 
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240V 
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240V 
220V 
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240V 
220V 
100V 
120V 
240V 
220V 


1 


100 volts 120 volts 220 volts 240 volts 


Figure A-2. Switch Settings for the Nominal Powerline Voltages 


Switch the OFF/ON switch, located on the right front of the calculator, to the OFF 
position. 


Connect the power cord to the power input connector (Figure A-1) at the rear of the 
calculator; plug the other end of the power cord into a suitable ac power outlet. 


Switch the OFF/ON switch to the ON position; the symbol ‘:' will appear in the display 
indicating that the calculator is ready to operate. 


—— e CLEANING THE CALCULATOR 


The calculator can be cleaned with a soft cloth dampened either in clean water or in 
water containing a mild detergent. Do not use an excessively wet cloth nor allow water 
to penetrate inside the calculator. Also, do not use any abrasive cleaners, especially on 
the display window. 


The fan filter (Figure A-1) should normally be cleaned about every three months. To 
clean the filter, first turn the calculator off. Then remove the filter by prying it out with 
an instrument, such as a screwdriver; this is done by inserting the instrument into one of 
the slots on either side of the filter, and by prying the filter out from the rear panel. 
Clean the filter either by holding it under running water, or by washing it in warm, soapy 
water, followed by rinsing it in clean water. Dry the filter thoroughly. Finally, install it 
again by snapping one side back into place, and then the other. 


If you have the 9866A Printer, follow the same cleaning procedure. 
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>> >>> PRIMARY PRINTERS ——e9— eee 


The 'primary printer' with the Model 30 is the printer which is set to select code 15. The 
HP 9866A Printer (Option 30) was designed specifically to be the primary printer for the 
Model 30. So the procedure to connect this printer to the calculator is included in this 
appendix, and operating information is in Appendix F. 


However, there are other printers that can be used as the primary printer. Although each 
of these printers has some unique requirements and features, all of them are controlled 
by the same statements as is the 9866A Printer. Two of these printers will be referred to 
in this book since they are representative of the types of printers that are available. The 
two printers chosen are the HP 9861A Output Typewriter and the Teletype Model 38 
ASR Data Terminal (teleprinter). 


Any printer other than the 9866A Printer requires an interface to connect it to the 
calculator. The typewriter is supplied with its own special interface. The teleprinter must 
be interfaced by means of the HP 11205A Serial I/O Interface; this is a general purpose 
interface used to connect, to the calculator, devices that meet EIA Standard RS-232-C. 


installation procedures for the typewriter and teleprinter can be found in the manuals 
supplied with them and in the manuals for the interfacing equipment. Operating 
information is included in Appendix F of this book. 


NOTE 
The 9861A Output Typewriter manual states that a calculator requires a 


ROM to control the typewriter. Despite that statement, no ROM is 
required to operate the typewriter as either the primary or as the 
secondary printer with the Model 30. 


—— 9 eo THE 9866A PRINTER —9—e9— —9 —9— —e-— 


DESCRIPTION: eee 


The -hp- 9866A Printer is a high speed, thermal line-printer capable of printing up to 240 
lines per minute with up to 80 characters per line. The Option 30 version of the printer 
connects directly to the 9830A Calculator and requires no special equipment to operate. 
The casing of the printer is designed to be placed either on any flat surface or on top of 
the calculator, as shown in the photograph on the title page of this book. 


General information about the printer — accessories, power requirements, turn-on 
procedure, ordering printer paper, etc. — is included in the Peripheral Manual (-Нр- Part 
No. 09866-90000) supplied with the printer. Some of the information is also included 
here for your convenience. However, for complete information about your printer, please 
refer to the Peripheral Manual. 


INSTALLATION AND TURN-ON — — — — —— 


@ Power Requirements: The 9866A Printer has the same power requirements as the 
calculator, except that the printer has a maximum power consumption of 250 
voltamps (refer to page A-1, Power Requirements). 


e Grounding Requirements: Grounding for the printer is similar to grounding for the 
calculator. If the calculator is properly grounded, as described earlier in this appendix, 
use the inter-instrument power cord (-hp- Part No. 8120-1575) supplied with Option 
30 printers to ensure that the printer is also properly grounded. 


€ Fuses: The printer uses a 3-amp fuse for 100 or 120V operation or a 1.5-amp fuse 
for the 220 or 240V operation. If your printer is being turned on for the first time, 
ensure that the correct fuse is installed (refer to page A-2, Fuses). 


Before connecting the printer to the calculator, ensure that the correct fuse is installed 
and that the slide switches on the rear of the printer are properly set for the voltage in 
your area. Once the calculator switches have been properly set, the printer switches 
should be set to the same positions (see Figure A-2). 


Set the printer LINE switch to the OFF position. Then place the printer on top of the 
calculator and make the power and signal connections as shown in Figure A-3. The 
connectors on both ends of the interface cable are keyed for proper insertion into the 
sockets on the printer and calculator; both connectors are identical. To connect the 
cable, press the connector against the socket and slowly rotate the connector until you 
feel it align with the socket. Then twist the knurled sleeve on the connector clockwise to 
lock the connector and socket together. (Twisting the knurled sleeve counter-clockwise 
unlocks the connector.) The calculator and printer are now ready to operate. Set the 
LINE switches on the calculator and printer to the ON position. 
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Figure A-3. Connecting the 9866A Printer 


Inter-instrument Power Cord 


LOADING PRINTER PAPER  ————————— ———————————————————————— 


The LOAD light, below the PAPER key, lights any time the printer is out of paper. To 
load paper, lift the lid and refer to the diagram underneath it to see how paper is loaded. 
Place the roll, with the free end as shown, into the printer. Then press the PAPER key 
until the paper emerges from the front of the printer. 
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APPENDIX B 


GENERAL OWNER'S INFORMATION 


The information in this appendix should be read soon after the arrival of your calculator. 


>> > > EQUIPMENT SUPPLIED ——e9— —9 —9 —- 


The following items are packaged with your calculator: 


€ The items listed in Table B-1, which are included with every Model 9830A 
Calculator; 


€ Two copies of either a manual or an operating note for the options installed in 
your calculator (except for the memory options, see page B-2); 


€ Any additional items listed in any extra manuals or operating notes. 


Plug-in ROM's and peripheral devices are packaged separately; each of these has its own 
manual or operating note and may also have extra items packaged with it. 


Table B-1. Standard Accessories Supplied 


№ | Quantity | he Part Number 


Simplified Operating Instructions 09830-90000 
Operating and Programming Manual 09830-90001 
9830A Program Pad 09830-90016 
98300A Math Pac, Vol 1; consists of: 
9830A Math Pac, Vol. 1 09830-70000 
Tape Cassette — Math Pac 1 98300-60001 
Tape Cassette — Blank 9162-0050 
Sheet of Math Overlays (1—6) 7120-3511 
Sheet of Math Overlays (7—9) 7120-3514 
Key Overlays: 
Special Functions 7120-3053 
Basic 7120-3054 
Math 7120-3055 
System Test Cassette 09830-90031 
System Test Instructions 09830-90032 
Tape Cassette — Blank 9162-0050 


One of numbers 
Power Cord shown in 


Figure B-1 
ROM Door Key 5040-7437 
Dust Cover 4040-0978 
Magnetic Head Cleaner 8500-1251 
Cotton Applicators T 
Spare Fuses — 250V Normal-blow 
% in. dia. X 1% in. lg. 
1-amp 2110-0001 
2-amp 2110-0002 
6-amp 2110-0056 


TA package of 100 cotton applicators can be ordered under part number 5080-5400. 
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(Continued) 


Power cords with different plugs are available for the calculator. Each plug, together with 
the part number of the power cord which has that plug, is shown in Figure B-1. Each 
plug has a ground connector. The cord packaged with each calculator depends upon 
where that calculator is to be delivered. If your calculator has the wrong power cord for 
your area, please contact your local -hp- Sales and Service Office. 


8120—1351 8120—1369 8120—1689 8120—1348 


Figure B-1. Power Cords 


———4«-— —9——9 < SERVICE CONTRACTS —— > < —9——e9-— 


Service contracts are available for all -hp- calculators and calculator-related equipment. 
For further information contact any -hp- Sales and Service Office. 


———49——49——9—9—9—- PROGRAM PACS —9—9——9——9——9——e9-— 


Program pacs containing programmed solutions to problems from many disciplines are 
available. A Math Pac is supplied with each calculator. For a complete list of pacs and for 
pricing information, please contact any -hp- Sales Office. 


———49-——9——49-—9— KEYBOARD MAGAZINE —9—9——9— —9——e-— 


‘Keyboard’ is a periodical magazine containing general information about Hewlett-Packard 
calculators and related equipment. It includes articles and programs written by calculator 
users; descriptions of the latest equipment and program pacs; programming tips; and 
many other items of general interest to calculator users, 


To receive your free subscription to 'Keyboard', please complete the order form supplied 
with your calculator. This will ensure that your name is added to the mailing list for 
‘Keyboard’. (Don't forget to tear off, and keep, the warranty statement at the bottom of 
the order form.) 


——9— —9——9——9- MEMORY OPTIONS — > ooo 


The size of the memory in the basic calculator is 1760 (16-bit, 2-byte) words. A 
calculator with Option 275 installed has a total memory size of 3808 words. !f your 
calculator has the basic memory and you wish to add the extra memory, please order the 
11275F Additional Memory Field Kit; our service personnel will then install Option 275 
for you. 


>>> —9 — OPTIONAL EQUIPMENT —-9—9— =_= om 


Various optional devices are available to increase the computing power of your calculator 
and the versatility of your system. 


These options consist of the ВОМ” (described in Appendix C), which are additions to 
the calculator, and the peripheral devices (listed in Table B-2), which are additions to the 
system. Interfacing equipment is available to enable you to connect your calculator to 
non-calculator-dedicated devices, such as teleprinters and measuring instruments. 


Following is a list of peripheral equipment (dedicated to the 9800 Series Calculator 
System) available at the beginning of 1973. As new equipment becomes available after 
that date, it will be described in the 'Keyboard' magazine and in data sheets available 
from HP Sales and Service Offices. 


Table B-2. 9800 Series Calculator Peripherals 


9860A Marked Card Reader 9865A Cassette Memory 
9861A Output Typewriter 9866A Printer 


9862A Calculator Plotter 9868А 1/0 Expander 
9863A Paper-Tape Reader 9869A Hopper Card Reader 
9864A Digitizer (available in summer, 1973} 


>> > CONNECTING PERIPHERAL DEVICES ~oo 


Except for the 9866A Printer, which is described in Appendix A, peripheral devices 
connect to the calculator by means of an 1/0 (Input/Output) card. An I/O card can be 
inserted into any of the four slots at the back of the calculator (or into the 9868А 1/0 
Expander if it is used), as shown in Figure B-2. The card is constructed so that it cannot 
be inserted upside-down. 


One of Four 1/0 Slots with Spring Loaded Door 


ssh AC Power Cord 


To peripheral N^ i МО Card 


Figure B-2. Connecting an ИО Card 


Before connecting an 1/0 card, make sure that the calculator and peripherals are switched 
off. Slide the card as far as it will go (about 3-3/4 inches) into any slot. Then press the 
card firmly into place, to ensure that it is properly connected to the calculator. 
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APPENDIX C 
ROM OPTIONS 


This appendix describes general ROM information and specifically describes the ROM's 
that are available with the Model 30. 


>>> < — GENERAL DESCRIPTION —9—9— —9— oom 


ROM (Read-Only-Memory) differs from user memory in that information stored in a 
ROM is fixed. You cannot 'write' into a ROM in the same way, for instance, that you 
can write program lines into user memory. 


Several optional ROM's are available for use with the Model 30. Each ROM consists of a 
block of memory (additional to the memory already built into the calculator) dedicated 
to performing specific tasks — controlling the plotter, enabling matrix and string variable 
manipulation, and so on. A list of ROM's is included in this appendix. 


A ROM can be purchased in either one of two forms: as an accessory plug-in ROM or as 
an internal modification to the calculator. The calculator is capable of holding up to 
eight ROM's at one time; any combination of up to five plug-in ROM's and up to three 
internal ROM's can be installed. 


The plug-in version of a ROM is a small block, about the same size as a tape cassette, 
which plugs into any one of the five slots behind the ROM door (see Figure C-1). You 
can install or remove a plug-in ROM in seconds, 


The internal ROM requires a modification to the calculator, which must be made by 
qualified HP personnel. Whenever an internal ROM is added to a calculator, an 
identifying decal (showing the option number of the modification) is attached to the 
inside of the ROM door, so that you can readily determine which internal ROM's are 
installed in your calculator. 


Operation of either the plug-in or the internal version of the ROM is identical once it has 
been installed. Which version of a ROM you choose to order is, therefore, entirely a 
matter of your convenience. However, please remember that no more than three internal 
ROM's can be installed, while up to five plug-in ROM's can be inserted at any one time. 


—_ < INSTALLING A PLUG-IN ROM — > > 


The plugin ROM's are installed in the slots behind the ROM door, as shown in Figure 
C-1. A ROM can be plugged into any slot. 


Switch the calculator off and open the door by pressing on the ribbed part of the door. 
If the door is locked, use the key (shown in the figure) to unlock it; the key turns about 
% of a turn. 


Slide the block, with the label 'right-side-up', into any slot. Press the block firmly into 
place, to ensure that it is properly connected to the calculator. Close the door. 
(Continued] 
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—__- < INSTALLING A PLUG-IN ROM — > > —— 


(Continued) 


The door is spring-loaded so it is not necessary to lock it, unless you prefer to do so for 
security, or other reasons. 


Turn on the calculator, and the ROM is operational. 


Figure C-1. Plug-In ROM's 


> < < HOW TO ORDER A ROM —— > > > 


To ensure that you receive the version of the ROM that you want, please order using the 
appropriate number, as described below. The different numbers for each ROM are given 
in the following section. 


To order a plug-in version of a ROM: 
Quote the accessory number. This consists of five digits followed by the letter 'B'. 


Example: 
112718 Plotter Control ROM 


To order an internal version of a ROM at the same time that you order your 
calculator: 


Quote the option number. This consists of the last three numerical digits of the 
accessory number given to the plug-in version of the ROM. 


Example: 
Option 271 Plotter Control ROM 


To order an internal version of a ROM after you have received your calculator: 


Quote the field kit number. This is the same as the accessory number except that it 
uses the letter 'F' (for ‘field kit’). 


Example: 
11271F Plotter Control ROM Field Kit 


Once the field kit is installed in your calculator, it becomes an option; so the kit includes 
the appropriate option decal to be attached to the ROM door. In the above example the 
decal would be marked ‘Option 271’. 


— <-> << THE ROM'S —9—9——9——9— coo 


The ROM's listed below are available at the beginning of 1973; as other ROM's become 
avallable, they wil! be described in data sheets and in the 'Keyboard' magazine. 


-^ MATRIX OPERATIONS 


11270B (plug-in) 
Option 270 (internal) 
11270F (field kit) 


This ROM extends the BASIC language to include the statements used to manipulate 
matrices and array data. |t provides fast solutions to simultaneous equations and to 
business and statistical problems, as well as providing convenient ways to handle large 
blocks of data. The determinant operation (not normally available in BASIC) is 
particularly helpful to structural and electronic engineers in solving their design problems. 


—*- PLOTTER CONTROL 


11271B (plug-in) 
Option 271 (internal) 
11271F (field kit) 


This ROM enables the Model 30 to control the HP 9862A Calculator Plotter. Using your 
own 'problem' units (as opposed to some artificial 'plotter' units) you can very easily 
draw and mark axes on the plotter, and plot points or functions. You can label the axes 
and plotted points and you can use your plotter as a printer, formatting the printout as 
well as specifying character size and printing angle. In addition, you can establish a 
unique 'typewriter' mode which enables you to print, on the plotter, one character at a 
time from the calculator keyboard. 


— EXTENDED ИО 


11272B (plug-in) 
Option 272 (internal) 
11272F (field kit) 


This ROM enables a wide variety of peripheral devices to be controlled by the calculator. 
It allows a two-way transfer of information between the calculator and the peripheral 
devices and between peripheral devices. Data is transferred by means of standard ASCII 
code; however, automatic code conversion capability enables the calculator to be very 
easily programmed to receive and send other codes. In addition, various logic functions 
enable you to manipulate binary bits, thus increasing the variety of I/O operations 
available. 


(Continued) 
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(Continued) 
STRING VARIABLES -*- 
11274B (plug-in) 
Option 274 (internal) 
11274F (field kit) 


This ROM enables the calculator to recognize and operate on letters and words (‘strings’) 
in very much the same ways that it recognizes and operates on digits and numbers. The 
calculator can be programmed to understand everyday language, making your programs 
truly conversational in style, and, consequently more easily used by personnel with no 
special training. 


TERMINAL —— — — — —-- 


11277B (plug-in) 
Option 277 (internal) 
11277F (field kit) 


This ROM enables the calculator to be used as the terminal in many time-share systems, 
and yet still retain its calculator capabilities. The calculator’s own memory and 
text-editing ability has considerable cost-reduction advantages over other terminals. First, 
you can store and edit a program in the calculator and then transmit the complete 
program to the time-share system, thus saving on connect time. Secondly, you can store 
your programs in tape cassette files, thus saving on overnight and long-term storage costs. 
You can also send and receive program lines in languages other than BASIC, because 
syntax checking in the calculator can be temporarily suspended. 


APPENDIX D 
MODEL 60 CARD READER 


This appendix describes the use of the Model 9860A Card Reader with the Model 30 (see 
Figure D-1). If you have purchased or if you are considering the purchase of this 
peripheral, you should read this appendix. 


Figure D-1. 9860A Marked Card Reader 


— -* -* —9— GENERAL INFORMATION ——e9——e——e-— 


The Hewlett-Packard Model 9860A Marked Card Reader simulates a remote keyboard by 
allowing most operations that are available with the Model 30 Calculator. Key sequences 
are encoded on special cards. These cards are fed through the Model 60, which, by using 
an optical technique, senses the various combinations of marks on the card. There is a 
combination of marks to represent most keys on the Model 30 keyboard, and as a 
combination is detected, it is as if the associated calculator key has been pressed. A card 
is encoded to represent a series of keys by marking various combinations of boxes on the 
card with an ordinary black lead pencil. 


The Model 60 does not require any special ROM to operate with the Model 30, nor are 
there any syntaxes associated with it. 


The Card Reader Operating Manual (see Table D-1) describes the use of the card reader 
with the 9810A Calculator. Refer to that manual for general information about your card 
reader. 


APPENDIX D 


The accessories and equipment supplied with the Model 60 are listed in Table D-1. 
(Continued) 
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Table D-1. Card Reader Equipment 


Operating Manual 09860-90001 
Interface Cable Assembly 09860-61605 
AC Power Cord 8120-1575 
Spare Lampt 09160-67901 
Program Card 9320-2085 


(The following items are not 
used in a 9830A Calculator 
system.) 
Diagnostic Card 09860-90002 
Data Card 9320-2088 
Supplement A 09820-90050 
Model 20 Program and Data Card 09320-2885 


T Located in the instrument — see CHANGING THE LAMP' in the operating manual. 


— < <_< CARD READER OPERATION — <--> 


INSPECTION 


Refer to 'Inspection Procedure' in Appendix A of this manual. 


INSTALLATION 


CAUTION 
DO NOT APPLY OPERATING POWER TO THE MODEL 9860A 


MARKED CARD READER UNLESS THE LINE VOLTAGE SWITCH ON 
THE REAR PANEL IS IN THE PROPER POSITION. OTHERWISE, 
DAMAGE TO THE POWER TRANSFORMER MAY RESULT. 


Refer to Chapter 1 in the Card Reader Operating Manual for information concerning 
power and grounding requirements and installation procedures. Refer to Chapter 6 of 
that manual for the procedure to replace the lamp. 


USING THE CARD READER —— — —— — 


The Model 60 Card Reader acts somewhat like a remote keyboard to the calculator. A 
card is marked, in a simple code, with the desired key sequence and the card is passed 
through the reader. The calculator then behaves as if the calculator keys, corresponding 
to the encoded key sequence, have been pressed. 


Almost any key or key sequence can be input to the calculator from the card reader. 
Inputs can include data, expressions, program statements, and 'immediate execute' 
commands (such as CLEAR, PRINT ALL, EXECUTE, etc.). 


The card reader starts automatically as soon as a card is fed in. The card passes through 
the reader at a constant speed so that the key codes are read and input to the calculator 
at regular intervals. There is no system of 'interrupt' between the calculator and the card 
reader so the calculator must be either idle or at an INPUT statement before the card 
reader can be used. t 


Because there is no interrupt possible, any instruction which causes immediate activity on 
the part of the calculator, such as END OF LINE or EXECUTE, should be the last 
keycode on the card. М other keycodes do follow, some of them may be missed by the 
calculator while it is carrying out the earlier instruction. It is possible to encode ‘skips’ 
on the card to give the calculator extra time to complete an operation before it receives 
the next keycode. However, this is not recommended because the number of skips 
required is difficult to predict (e.g., it obviously takes longer to enter an 80-character line 
into memory than it takes to enter a 10-character line). 


Table D-2. Key Codes 


KEY KEY KEY KEY 
CODE Br symbol) CORE: || lor symbol) CODE [for symbol) CODE)! tor symbol) 


fo (note 1) 


(not used) 
a (note 3) 


Space Bar 


"oggi 5 - о 


n 
ENTER EXP 


RECALL 0 PRT ALL 
FETCH 1 q 
BACK 2 END OF LINE 

FORWARD 3 DELETE LINE 
+ (display) 4 FIXED N 
t (display) 5 FLOAT N 
< (display) 6 SCRATCH 
> (display) 7 AUTO # 


LOAD 


—N-XX z«c-aomou ozzmmsc-r ommuournpmg 


8 

STORE 9 

INIT Я 
/ E (not used) 
END < и (note 2) (not used) 
STD - (not used) 
NORMAL > T (not used) 

? Е (note 2) STOP 


Notes: 1 - fio through f, о not available via the card reader. 


— Codes 134 and 137 display a symbol but serve no other function. 
3 = Not all of the lower case alphabet is available via the card reader. 


t TRACE and NORMAL are the only instructions which can be input via the card reader while the calculator is 
running a program. 


—_- < < CARD READER OPERATION —— > > — 
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ENCODING —— 


NOTE 


Please read Chapter 2, The Model 60 Card, in the Card Reader Operating 
Manual, before reading the following material. 


Figure D-2 shows a card marked with two data numbers (94.62 and —136.328E6) to be 
input during an INPUT statement. Notice that the sequence of keys marked is exactly 
the same as the sequence which would be pressed if the data numbers were to be input 
from the keyboard. 


The card is divided into columns and rows; each row corresponds to one key. The 
extreme left of the card can be used to write a title and date. The next column, labeled 
'STEP', is for use with the 9810A calculator (where every keystroke in a program has to 
have a step number); so it can be ignored. The two columns marked 'KEY' and 'CODE' 
are for you to write the keys to be encoded and the code number for each key. Table 
D-2 shows the key corresponding to each valid code number (using invalid code numbers 
will produce unpredictable results). The columns of rectangular boxes are used for the 
actual coding that is read by the card reader. The card reader scans the boxes a row at a 
time and inputs the corresponding key code from each row into the calculator. 


Ignoring the SKIP column for the moment, the columns marked 100, 40, 20, 10, 4, 2 
and 1 are for marking the key-codes. These boxes are marked with a pencil, so that the 
value of the boxes marked on a row, when totaled, equals the code for the desired key. 
For example, the first key in the card shown in Figure D-2 is the digit 9, which has code 
number 71. 71 is encoded by marking boxes 40, 20, 10 and 1 (40+20+10+1=71).+ 
Similarly, the ENTER EXP key, which has code 157, is encoded on the card by marking 
boxes 100, 40, 10, 4, 2, and 1. (The E key, code 105, could have been used instead of 
ENTER EXP.) 


The SKIP column, if marked, will cause the Model 60 to ignore any boxes that are 
marked on that row. Marking the SKIP column can be used as an alternative to erasing; 
should you make an error in marking a row, you may either erase the error and correct 
it, or mark the SKIP column, In Figure D-2 the digit ‘7’ was included in error, so the 
SKIP column was marked to prevent the card reader from reading that digit. 


Near the bottom of the card, there is a preprinted mark that intersects all of the boxes. 
This mark, interpreted by the reader as 'SKIP 177', causes the card reader to stop reading 
the card. When a 'SKIP 177' is seen by the card reader, no additional information on 
that card is transferred to the calculator. If you do not use all of the rows on a card then 
you must mark a 'SKIP 177' immediately after the last row used. Otherwise, all 
unmarked rows will be interpreted as code 'Ü', the code for the К key (and if К is 
undefined, ERROR 10 will result). 


If a key sequence is longer than can be encoded on a single card, simply encode the first 
part of the sequence on one card, and the second part on another. Neither card needs 
any special encoding. Just insert the cards, one after the other, in the obvious order. 


* The computer-oriented operator will recognize the marked boxes as representing the binary equivalent of an octal 
number, 


e eoo 


20 1014 


[E = 012 C3 С 


П 
s| а [ва] = | ois oic 
р 


[e c3 exe c qc 


. USE SOFT PENCIL 
. ERASE COMPLETELY 
. INSERT THIS SIDE UP 


. MARKING SKIP COLUMN CAUSES 
THAT ROW TO BE SKIPPED. 


Part No. 9320-2085 


TIMING MARK м97695 ZBBLEW мат 


| МОТЕ$ 
Strobe Marks. 


SKIP is marked to cover an error. 


SKIP 177 turns the reader off. SKIP 177 is not a key-code — it 
is an instruction to the Model 60 only. 


Insert card into the card reader, printed side up, in the direction 
indicated by the arrow. 


Figure D-2. The Program Card 


Е-О 


NOTES 


APPENDIX E 
ERROR CODES 


The error codes and messages listed in Table E-2 are also located on a slide-out card 
underneath the Model 30. 


When an error occurs, the calculator makes a soft beeping sound and an error code 
appears on the display. The error message that corresponds to this code helps to pinpoint 
the cause of the error. Errors can be either recoverable or non-recoverable. The 
differences between the two are discussed next. 


Ф RECOVERABLE vs NON-RECOVERABLE ERRORS —— 


Most errors are non-recoverable. When a non-recoverable error occurs in the calculator 
mode, press the RECALL key to return your input to the display. Make suitable 
corrections as referenced by the error message and then re-execute the line. 


Recoverable errors (error 100 through 107) occur when you are working with very large 
or very small numbers. When a recoverable error occurs, an approximation of your result 
appears on the display together with the appropriate error code. 


If, say, you execute the following: 
А = 1.2E63*4E41 


The display is: 


The code, ERROR 100, indicates that the positive range of the calculator has been 
exceeded. In this example the variable, A, is set equal to 9.99999999999E+99. (АП the 
9’s are not displayed if you are in the standard mode.) The variable, A, can then be used 
in further calculations. 


If either a recoverable or a non-recoverable error occurs during program execution, the 
program halts. If the error is recoverable, the program can be continued from that point 
if you press the keys — CONT EXECUTE. But if the error is non-recoverable, the 
program must be corrected and re-executed. 


E-1 


APPENDIX E 


E-2 


———-— —— —— ERROR MESSAGES <<<. <-> 


Table E-2 is a duplicate of the slide-out, error-code card underneath the Mode! 30. Please 
keep in mind that the error messages only help to reference an error. In some cases, the 
particular error that is displayed may not pinpoint the specific error that occurred. 


Errors 4 through 8 are general errors; they are often displayed before the calculator can 
determine a more specific error. 


Table E-1, below, gives some additional explanations to particular error-code messages. 


Table E-1. Additional Error-Message Explanation 


ROM configuration error; occurs if a program that requires a 
particular ROM is run without having the ROM installed. 


Memory overflow; occurs if the calculator needs more memory 
than is available. (Remember that during program execution, 
the calculator temporarily uses a small portion of user 
memory.) 


Missing line number or integer, or integer out of range; often 
occurs when END OF LINE is pressed instead of EXECUTE. 


No statement or command recognized; often occurs if END OF 
LINE is pressed instead of EXECUTE, or vice versa. 


Variable or function is undefined; most commonly occurs if the 
simple variable specified does not have a value. 


Line not found; occurs if the line referenced in a statement is 
not in memory. 


Cassette status error; occurs a) if the cassette door is open or 
slightly ajar; b) if the end of tape is reached without finding the 
specified file; c) if the cassette is protected (see Chapter 5); d) if 
the specified peripheral cassette memory is turned off; e) if a 
STOP command is given while information is being recorded on 
tape. 


Check sum error; often occurs if the tape head is dirty or if the 
portion of the tape accessed is damaged. 


Improper file size; also occurs if there is no COM statement in 
memory and you attempt to STORE DATA without the array 
specification. 


A fold-out of both the error codes and the calculator keyboard is included here for 
your convenience. 


Those error codes that are related to the ROM's are given in the back of the ROM 
manuals. 
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Figure E-T. Model 9830A Keyboard 
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Memory configuration error 

Memory overflow 

Statement is not allowed in keyboard mode 
Missing line number or integer, or integer 
out of range 

No statement or command recognized 
Improper arithmetic expression, 
number or expression 

Characters follow statement's logical end 
Missing punctuation in program statement 
Invalid command unless in KEY mode 

User KEY is undefined 

Exponent is out of range 

Two decimal points in number 

Sign given without number 

Missing comma 

Missing left parenthesis 

Missing right parenthesis 

Missing subscript 

String not permitted 

No opening quote or missing string variable 
No closing quote 

Missing or improper function identifier 
Missing function parameter 

Missing or incorrect DATA item 


missing 


Table E-2. Error Codes 


9830 NON-RECOVERABLE ERRORS 


24 
25 


Improper IF.... THEN statement 

Missing OF in conditional GO TO statement 
Missing variable 

Missing or improper FOR variable 

Missing TO in FOR statement 

Missing STEP or illegal characters following 
FOR statement 

Missing assignment operator 

Missing or improper assignment 

Improper FORMAT specification 

COM statement rules not followed 

Improper common declaration 

Array is doubly defined 

Precision of variable is doubly defined 
Inconsistent dimensions are given 

Array has unknown dimensions 

Dimensions are too large 

Variable or function is undefined 

Array or string has not been initialized 
Subscript exceeds bounds 

Select code exceeds bounds 

Line not found 

Improper statement type referenced 
Improper statement nesting in multiline 
function 


9830 RECOVERABLE ERRORS 


Improper RETURN 

FOR statement has no matching NEXT or 
incorrect FOR nesting 

Out of DATA 

Last statement is not END 

LOG or LGT of negative number 

SQR of negative number 

Zero to zero power 

Non integer power of negative number 
Cassette operation statement syntax error 
Wrong file or file not found 

Improper operation on SECURE program 
Cassette status error 

Door open 

Clear leader 

Write not permitted 

Cassette power off 

e. STOP given during a write operation 
Check sum error 

Improper file size 

Improper precision or data type 
Improper file type 

Program overlay 


a 
b. 
c. 
d 


100 Numeric overflow (assumes + or - со) 103 Division by zero (assumes + or - оо) 

101 Numeric underflow (assumes 0) 104 Zero to negative power (assumes + co} 

102 LOG or LGT of zero (assumes -oo} 105 Integer variable overflow (assumes 
-32767) 


106 Split variable overflow (assumes + ог 


-9.99999E+63) 


+ or 107 Split variable underflow (assumes 0} 


Note: The calculator approximates + and - со by 9.99999999999E+99 and -9.99999999999E+99, respectively. 


APPENDIX F 
PRINTER OPERATING PROCEDURES 


This appendix discusses operation of the primary printers described in Appendix A. 


>> > > > PRINTER SELECT CODE ©— ooo o- 


Any device connected to the calculator requires a ‘select code’ so that the calculator can 
distinguish it from all other devices. The select code on a primary printer must be set to 
'15'. The 9866A Printer (Option 30), the interface for the 9861A Output Typewriter, 
and the 11205A Serial !/O Interface used with the teleprinter, are all preset, at the 
factory, to select code 15. But any of the printers can be used as a secondary printer 
with the Model 30, too, if the select code of the supplied interface card is changed. (To 
use the 9866A Printer as a secondary printer, the -hp- 09866-61610 interface card must 
be purchased.) 


> —- > < THE 9866A PRINTER — <> o-oo 


Of the printers discussed in Appendix A, the 9866A Printer is easiest to operate because 
it has no mechanical controls, other than the PAPER key, which is used to manually 
advance paper. Once the printer has been connected to the calculator, loaded with paper, 
and turned on {see Appendix A), it is controlled by the calculator. 


The statements and commands used to contro! the printer are fully described in the 
appropriate places in this book. Table F-1 lists each operation and tells you in which 
chapter to look for its explanation. You may also wish to refer to 'Printer Character 
Codes', later in this appendix; however, it is recommended that you become proficient in 
the use of the WRITE and FORMAT statements before doing so. 


-> < > THE 9861A OUTPUT TYPEWRITER -9—9——e9- 


Before the typewriter can be controlled from the calculator, its controls must be properly 
set. Necessary control settings on the typewriter consist of: 

e The desired line-spacing; 

€ The margins, to suit your paper; 


* Black ribbon (red or black ribbon can be set from the calculator, but only if the 
typewriter is set to black ribbon); 


e The ‘shift’ key being unlocked (the calculator will automatically shift the 
typewriter keyboard, if it needs to, to obtain a particular character); 
The impact regulator being set for the desired copy hardness; 
Select code 15 being set. 


Even though the typewriter is connected to the calculator, the keyboard on the 

typewriter is completely operational. So, if you wish, you can clear and set tabs, 

carriage-return, or perform any other ‘initializing’ operations; or you can type directly 
(Continued) 
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> < —9- THE 9861A OUTPUT TYPEWRITER ———e——e— 


(Continued) 


from the typewriter keyboard. All of these operations can also be controlled from the 
calculator. 


The statements and commands used to control the typewriter (which are the same as 
those used to control the 9866A Printer) are fully described in the appropriate places in 
this book (see Table F-1). The section, ‘Printer Character Codes’, later in this appendix 
gives the codes that are needed to perform additional control functions, such as clearing 
and setting tabs, and changing from black to red ribbon. 


The calculator automatically shifts the typewriter keyboard if it needs to do so to print a 
particular character. So, when you are typing characters for the typewriter on the 
calculator keyboard, you do not need to know whether the typewriter keyboard is to be 
shifted or not; but you do need to know if the calculator keyboard has to be shifted (as 
it does, for example, when you wish to print a lower case letter). 


Example 


Following is a printout, from a typewriter, and the program which produced it. The 
program demonstrates some of the flexibility that you have in formatting the typewriter 
output. This program relies heavily on the use of the character codes, which are described at 
the end of this appendix. Therefore it is recommended that you become proficient with the 
typewriter and, in particular, with the WRITE and FORMAT statements, before you spend 
any time analyzing this program. 


The 9861A Typewriter can be controlled by the 9830 
Caleulator. The ribbon ean be changed to red and 
back to black. 


Physical tabs can be set, 

and the tab key can be operated. 
The following Special characters 
can be typed: 


Powe —— 20 03 


Also you can cause the typewriter to 
skip lines, backspace, and clear tabs. 


10 FORMAT 15B 


20 FIXED O 

30 X=9830 

40 PRINT TAB60; 

50 WRITE (15,10)11,7 

60 PRINT "The 9861A Typewriter can be controlled by the";X 
70 PRINT "Calculator, The ribbon can be "; 

80 WRITE (15,10)6"changed to red "7"anda" 

90 PRINT "back to black." 

100 PRINT 

110 PRINT TAB18; 

120 WRITE (15,10)1,"Physical tabs can be set," 

130 WRITE (15,10)9"and the tab key can be operated," 
140 WRITE (15,10)9"The following special characters " 
150 WRITE (15,10)9"can be typed:" 

160 PRINT TAB18; 

170 WRITE (15,10)12; 

180 PRINT TAB30; 

190 WRITE (15,10)1391,10,8,93,10,8,123 

200 WRITE (15,10)9,125,10,8,126,10,8, 34,10,8, 96 

210 WRITE (15,10)11,10,10,"Also you can "; 

220 PRINT "cause the typewriter to" 

230 WRITE (15,10)"skip lines, backspace"; 

240 FOR I-1 TO 9 

250 WRITE (15,10)8;95;8; 

260 NEXT I 

270 PRINT " » and clear tabs." 

280 END 


STATE 


Table F-1, Printer Operations 


COMMAND 
or DESCRIPTION Apes s о 
MENT ve 


Standard printing statement 
Enables more flexible format for printing 


Lists program lines 

Prints each operation 

Prints line number as line is executed 
Cancels TRACE 

Lists information from tape cassette 


AANBOUW 
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—9—€9-— THE TELETYPE 38 ASR DATA TERMINAL —> —— 


Before the teleprinter can be controlled by the calculator, its controls must be properly set. 


On the teleprinter: 
@ Select LINE operation; 
€ Ensure that SHIFT LOCK is unlocked. 


On the interface: 


€ Set select code 15 (see page F-1, Printer Select Code); 


€ Set a baud rate of 110 — the interface is preset at the factory for a baud rate of 110, so 
it will probably not need adjusting} (refer to the manual for the 11205A Serial 1/0 
Interface for complete details). 


The statements and commands used to control the teleprinter (which are the same as those 
used to control the 9866A Printer) are fully described in the appropriate places in this book 
(see Table F-1). The section "Printer Character Codes’, later in this appendix, gives the codes 
that are needed to perform additional control functions, such as changing ribbon color, 
form-feeding, and executing a line feed without a carriage return (or vice versa). 


The calculator automatically shifts the teleprinter keyboard if it needs to do so to print a 
particular character, So, when you are typing characters for the teleprinter on the calculator 
keyboard, you do not need to know whether or not the teleprinter keyboard has to be 
shifted for that character; but you do need to know if the calculator keyboard has to be 
shifted (as it does, for example, when you wish to print a lower case letter). 


Example 


Following is a printout, from a teleprinter, and the program which produced it. The 
program demonstrates some of the flexibility that you have in formatting the teleprinter 
output. This program relies heavily on the use of the character codes, which are described at 
the end of this appendix. Therefore, it is recommended that you become proficient with the 
teleprinter and, in particular, with the WRITE and FORMAT statements, before you spend 
any time analyzing this program. 


The Model 38 teleprinter can be controlled by the 98304 
Calculator. Among other things, the ribbon can be changed 
to red and back to black. 


The teleprinter can be made to 
tab to any position, 
as can be seen from this printout! 


The following special characters 
Can be typed: 
-EN 


Also you can make the teleprinter carriage return 
Without executing а linefeed. This enables you to 


T If necessary, it is very easy to adjust the baud rate, by means of a calibrated screwdriver-contro! on the underside of the 
interface card. Remove the card from the interface slot at the back of the calculator, and adjust the control to the desired 
setting. 


10 FORMAT 15B 

20 Х=9830 

30 PRINT 

40 PRINT 

56 WRITE (15,60»"can be controlled by the”,X 

680 FORMAT "The Model 38 teleprinter ",F5.0,"A" 

76 PRINT "Calculator. Among other things, the ribbon ^"; 
88 WRITE (15,10)"can be "27,51"changed" 

9@ WRITE 0(15,18»"to red and "27,52"back to black." 


100 PRINT 

118 PRINT TABI@"The teleprinter can be made to 

120 PRINT TABIS"tab'TAB25"^to any" TAB39" position," 
132 PRINT TABl2"as can be seen from this printout!” 
142 PRINT 

158 PRINT "The following special! characters" 

160 PRINT "can ре tyrped:" 

176 PRINT TABl13; 

180 WRITE €15,12234,32,91,32,92,32,93,1902 

190 PRINT TAB13; 

200 WRITE 6(15,12296,32,123,32,124,32,125,32,126 

219 WRITE (€15,109)1@"Also you can “3 

220 PRINT "make the teleprinter carriage return" 
230 WRITE (15,180»5"uithout executing a linefeed. This ^"; 
240 WRITE (15,10) "enables you t0°13,93 

250 PRINT TABA7; 

260 WRITE (15,10)95,95 

270 WRITE (15,10»5"underline."13,42; 


288 FOR I-1 TO 12 
298 WRITE (15,18)953 
380 NEXT I | 
318 PRINT 

320 END 


Notice in lines 80 and 90 of the program that the teleprinter requires two keys to change 
ribbon color: 
ESC 3 (codes 27, 51) selects red ribbon; 
ESC 4 (codes 27, 52) selects black ribbon. 


— <_< PRINTER CHARACTER CODES ——e— <> —— 


Table F-2 lists the decimal codes used in WRITE statements to reference FORMAT B 
statements (described in Chapter 3). The table lists (decimal) numbers Ø through 127 and 
gives the corresponding ASCII character (or control function) for the 9866A Printer, for the 
9861A Typewriter and for the 38 ASR teleprinter. Some of these characters and control 
functions can be obtained only by using their decimal equivalents in WRITE (with 
FORMAT 8) statements. However, many of them can also be obtained directly from the 
calculator keyboard. An empty space opposite a decimal code in the table indicates that the 
specific printing device does not recognize that code number and that it will simply ignore 
E (Continued) 
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— - —e9——e— PRINTER CHARACTER CODES <--> 


(Continued) 


NOTE 
If you are using any other printer, refer to its manual for its character set. 
Some manuals may give the binary or octal equivalents, rather than the decimal 


equivalents of the characters. In these cases you must convert the binary or 
octal numbers to their equivalent decimal values, because only the decimal 
numbers can be used in WRITE (with FORMAT B) statements. 


In general, you will not need the character codes for the 9866A Printer because most of its 
characters, and all of its control functions, can be obtained from the calculator keyboard. 
When using the typewriter or the teleprinter, you will need these codes to perform 
additional control functions, such as changing from black ribbon to red ribbon, setting tabs 
(on the typewriter) and form-feeding (on the teleprinter). 


The codes for al! of the teleprinter keys are included. However, the teleprinter itself does 
not respond to some of these keys, even though, as a terminal, it may transmit them. For 


example, it has a backspace key (BS, code 8) but its carriage cannot backspace. (Refer to 
the manual supplied with the teleprinter for complete details.) 


Table F-2. Printer Characters and Equivalent Decimal Codes 
Decimal 9866A 9861A 38 ASR Decimal 9866A 9861A 38 ASR 
Code Printer Typewriter | Teleprinter Code Printer Typewriter | Teleprinter 
0 25 EM 


TAB SET 26 SUB 


RED 
RIBBON 


BLACK 
RIBBON 


BACKSPACE 
TAB 


LINE FEED 


CLEAR 
ALL TABS 
TAB 
CLEAR 
CARRIAGE 
RETURN 


Table F-2. Printer Characters and Equivalent Decimal Codes (cont'd) 
Decimal 9866A 9861A 38 ASR Decimal 9866A 9861A 38 ASR 
Code Printer Typewriter | Teleprinter Code Printer Typewriter | Teleprinter 
50 2 2 2 90 2 2 2 
[ 


51 


оор» Ө | 


е — V ил 
9 VI^ 
тотто 


тооо»р 
mooumr» 


= гг ях с 


c~ тот 
тот 
ovoz 


о2 = г я 


ог2=г х 


=<е-о 


чохо ә 
domo 
——NXX 


<xs<c 
<xe<cc 


F-7 


INDEX 


INDEX 


ABS (absolute value) function 
accessories list : 
accuracy (significant digits) 
AND operator 
arccosine function 
arcsine function 
arctangent (ATN) function 
arithmetic 

calculating 

hierarchy 

keys 
array variables 
arrows 

Vt 

€, 
ASCII character codes 
assignment (LET) statement 
at ‘@’ symbol 
ATN (arctangent) function 
AUTO# key 


BACK key 

BASIC statements 
comparisons 
discussions 
syntaxes 


calculating range 
calculator 

cleaning 

fuses 

grounding 

initia! turn-on 

inspection 

installation 

keyboard 

power outlets 

power requirements 
card reader, model 60 
cassette 

cleaning transport 

commands 

file structure 


2-6 


.2-9 — 2-10, 3-36 — 3-37 


. 4-6 
20:242 
F5 — Е-7 
2-9, 3-3 
DET. 
2-17, 2-18 
44 


. 2-10 


3-1 


. 3-3 — 3-42 


3-44 — 3-46 


1-3 


. А-3 
. A2 
. A2 
. А-3 
. A-1 
A- 1 — А-3 
. E-3 
. A2 
... AT 
D-1 — D-5 


5-2 


. 5-4 — 523 


5-3 


insertion into transport 

peripherals 

protecting 

specifications 

storage 

syntaxes 
chapters 

summary 

tabbed index . 
checking a halted program 
cleaning 

calculator 

cassette transport 
CLEAR key А 
СОМ (common) statement 
common logarithms (LGT) 
CONT (continue) key 
continuing a program 

with CONT 

with STEP 
COS (cosine) function 


DEF FN statement 
multiple-line 
single-line 

DEG (degrees) 
command 
statement A 

DEL (delete) nmana? 

delete character space 
with SHIFT INSERT 

DELETE LINE key 

DIM (dimension) statement 

DISP (display) statement 
with TAB 

display keys 
Lf 


<> 


, 


e lexponential function) 
editing 

in calculator mode 

in programming mode 
END 

key 

statement 


„iii 
441 — 4-12 


. А-З 

5-2 

ги 1-4 
3-39 — 3-41 
2-14, 2-15 
4-1, 4-4 


4-1, 4-4 
.440 
2-17, 2-18 


3-33 — 3-35 
. 3-32 


2-17, 2-18 
. 3-42 
. 48 


. 2-10 
. 48 
. 9-38 
. 3-6 
. 9-28 


. 46 
. 2-12 


. 2-14, 2-15, 2-16 


. 2-10 
4-8 


6-1 
3-7 


END OF LINE key 
ENTER EXP key 
equipment list 
error 
codes (fold-out) 
discussion 
EXECUTE key 
EXP (exponential) function 
exponentiation ‘t’ key 
extended I/O ROM 


FETCH key 
file structure of tape 
FIND command 
FIXED N 

key 

statement 
FLOAT N 

key 

statement 
flowcharting i 
FOR (and NEXT) statements 

with STEP 


FORMAT (and WRITE) statements i 


FORWARD key 
full-precision data 
functions 
mathematical 
special 
trigonometric 
fuses 
calculator 
9866A printer 


GOSUB (and RETURN) statements 
with OF 
GOTO statement 
with OF 
GRAD 
command 
statement 
grounding requirements 
calculator 
9866A printer 


1-4, 3-2 
. 24 
. B1 


soe dE 
Е-1 — E-2 
1-4 


` 2414, 2-15, 2-16 


. 26 
. C3 


4-6, 6-1 
. 53 
. 5-16 


. 22 
‚ 3-41 


2-3 — 2-4 

. 3-41 

. 3-42 

3-12 — 3-14 
3-15 — 3-16 
3-22 — 3-27 
. 2-10 

. 3-38 


2-14 — 2-17 
6-1 — 6-7 
2-17 — 2-18 


. A2 
. А-5 


. 3-30 
. 3-31 
.3-10 
. 3-31 


. 2-17 
. 3-42 


. А-2 
. AS 


hierarchy 
arithmetic 
mathematical 
total 


IF statement 


increasing calculator memory 
INIT (initialize) key 
initial turn-on 
calculator 
9866A printer 
INPUT statement 
inputting data 
with INIT key 
with INPUT statement А 
with LOAD DATA command 
with READ statement 
INSERT key 
inspection, calculator 
installation 
calculator 
ROM ... 
9866A printer 
INT (integer) function 
integer-precision data 


KEY i- 
keyboard 
description . 
drawing (fold-out) 
Keyboard magazine 


. 2-6 
. 2-18 
. 2-21 


. 39 
.5-13 
4-13, 4-14 


. AS 
. А-5 
3-8 


. 4-14 
3-8 


5-19 — 5-20 


3-18 — 3-20 
. 2-10 


2-14, 2-15 
. 3-38 


length 
display 
line ao Bee h oh. Us 
LET (assignment) statement 
line length 
LINK command 
LIST key 
LOAD command 
LOAD BIN command 
LOAD DATA ; 
LOAD KEY command 
logarithms 
LGT (common) 
LOG (natural) 
logical evaluation 
logical operators 
looping (in a program) 
lower-case characters 
with teletype model 38 
9861A 


manual summary 
MARK command 
marking new tapes 
marking used tapes 
marked card reader 
mathematical 
functions $ 
hierarchy ..... 
matrix operations ROM 
memory 
memory options 
MERGE command 
model! 30 (see calculator) 
model 60 card reader 
multiplication '*' key 


natural logarithms (LOG) 
NEXT statement (with FOR) 
non-recoverable errors 
NORMAL. key 

NOT operator 


12 

2. 13 
2-9, 3-3 

og dog d 
5-13 — 5-14 
. 4-7, 4-12 
5-10 — 5-13 
. 5-22 

5-19 — 5-20 
. 5-21, 6-7 
2-14, 2-15 


2-14, 2-15 — 2-16 
. 2-19 — 2-21, 3-9 
Byte ek 0.12220 
3-10, 3-12 — 3-16 
. 35 

s.s. F4 

F-1 — F-3 


5-6 
x usw HOSE 
D-1 — D-5 


2-14 — 2-17 
.2-18 
<.. C3 
4-12 — 4-13 
. B2 
.b-14 


D-1 — D-5 
2-6 


2-14, 2-15 — 2-16 
3-12 — 3-16 

. Е-1 

. 4-10 

. 2-20 


OR operator 
overlays, key 


paper tape (PTAPE) command 
peripheral 
cassettes 
connecting 
equipment list 
PI E 
plotter control ROM 
power outlets, calculator 
power requirements 
calculator Й 
9866А printer 
preface 
primary printer 
PRINT 
command 
statement 
with TAB И 
print-all (PRT ALL) key 
printers 
ASCII character codes 
commands and statements 
primary 
select codes 
teletype model 38 
9861A 
9866A 
program 
checking (debugging) 
editing Я 
viewing 
writing . . . . .. 
programming statements 
comparisons 
discussions 
syntaxes 
protecting cassettes 
PRT ALL (print-all) key 
PTAPE command 


RAD (radians) 
command 
statement 


.2-20 
6-7 


. 4-14 


. 5-24 
. B3 
.. . B3 
2-17, 2-18 
. C-3 
. A2 


. A-1 
. AS 
. dji 
. A4 


.2-22 

. 34 

. 3-28 

. 2-13 

F-5 — F-7 

. Е-3 

. A4 

. F-1 

e kx FA 
.. F1-F3 
A-4 — А-5, F-1 


4-10 — 4-12 
4-8 — 49 
4-6 — 47 
3-1 — 3-2 


nose grs el 
. 3-3 - 3-42 
3-44 — 3-46 
. 5-1 
. 2-13 
. 4-14 


.2-17 
. 3-42 


—9———9— <— —99— —9— <— 9 < <<. —9— —9— 


random number (RND) function 
range, calculating р 
READ (and DATA) statements 
with RESTORE 
RECALL key . 
record (see STORE) 
recoverable errors 
relational operators 
REM (remark} statement 
REN (renumber) command 
repetition of operations 
RESTORE statement 
with READ and DATA 
RESULT key 
RETURN statement 
with DEF FN 
with GOSUB 
REWIND command 
RND (random number) function 
ROM's 
description 
extended |/O 
installing 
matrix 
ordering 
plotter 
strings 
terminal 
rounding 
RUN key 


SCRATCH key 
SEC (secure) command 
service contracts 
SGN (sign) function 
significant digits (accuracy) 
simple variables 
simultaneous calculations 
SIN (sine) function 
spacing : 
special function keys 

as functions 

as programs 

as text 

entering 

exiting 

overlays Е 
split-precision data 
SOR (square root) function 


3-11 
45 
1-2 


. 3-20 
2-8 


3-33 — 3-35 
3-30, 3-31 

. 5-17 

2-14, 2-16 


SUO 
MN 
C-1—C2 
. 03 

. C2 
sur C3 
. 5-18, C4 
. C4 

.. 25 
4-1, 4-2 


. 2-14, 4-9, 6-6 


. 4-15 


STANDARD statement 
STD (standard) key 
STEP key 
STOP 

command 

statement А 
STORE command А 
STORE DATA command 
STORE KEY command 
string variables ROM 
summary, manual 
symbols 


syntaxes 
BASIC programming 
cassette 


. 2-17 
3-8 


3-44 — 346 
. 5-4, 5-25 


tabbed index by chapter 
table of contents Т 
TAN (tangent) function 
tape (see cassette) 
terminal ROM 
TLIST command 
TRACE key i 
trigonometric functions 
turn-on procedure 
general 
initial calculator 
initial printer (9866A) 


. iii 
. iv 
2. 17, 2-18 


. C4 
. 5-23 
. 4-10 
2-17 — 2-18 


variables 
array 
simple 


. 2-0 — 2-10, 3-36 — 3-37 


WAIT statement 

WRITE command 

WRITE statement 
with FORMAT 


2.8 
. 3-17 

.222 

3-21, 3-28 
3-22 — 3-27 


UNITED STATES 


ALABAMA 

P.O. Box 4207 

2003 Byrd Spring Road S.W. 
Huntsville 35802 

Tel: (205) 881-4591 

TWX; 810-726-2204 


ARIZONA 
2336 E. Magnolia $t. 
Phoenix 85034 

Tel: (602) 252-5061 
TWX: 910-951-1330 


5737 East Broadway 
Tucson 85716 

Tel; (602) 298-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 

Tet; (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel; (415) 327-6500 
TWX: 910-373-1280 


2220 Watt Ave. 

Sacramento 95825 
Tel; (816) 482-1463 
TWX: 910-367-2092 


9606 Aero Drive 
San Diego 92123 
Tel; (714) 279-3200 
TWX: 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


CONNECTICUT 
12 Lunar Drive 
New Haven 06525 
Tel: (203) 389-6551 
TWX; 710-465-2029 


FLORIDA 

P.O, Вох 24210 

2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 

Tel: (305) 731-2020 

TWX: 510-955-4099 


Р.О. Box 13910 

6177 Lake Eilenor Dr. 
Orlando, 32809 

Tel: (305) 859-2900 
ТИХ: 810-850-0113 


GEORGIA 

P.O, Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


HAWAII 

2875 So. King Street 
Honolulu 96814 

Tel: (808) 955-4455 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


INDIANA 

3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


ELECTRONIC 
SALES & SERVICE OFFICES 


LOUISIANA 

Р.О. Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND 

6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-9157 


Р.О. Box 1648 

2 Choke Cherry Road 
Rockvilia 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel; (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

21840 West Nine Mile Road 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

11131 Colorado Ave, 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


148 Weldon Parkway 
Maryland Heights 63043 
Tei: (314) 567-1455 
TWX: 910-764-0830 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.O, Вох 8366 

Station С 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 

Tel: (505) 265-3713 

TWX: 910-989-1665 


156 Wyatt Drive 
las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

6 Automation Lane 
Computer Park 
Albany 12205 

Tel: (518) 458-1550 
TWX; 710-441-8270 


1219 Campville Road 
Endicott 13760 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
ТИХ; 710-541-0482 


1 Crossways Park West 
Woodbury 11797 

Tel: (516) 921-0300 
ТИХ: 510-223-0811 


NORTH CAROLINA 
P.O, Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 885-8101 
TWX: 510-926-1516 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tet: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925 


1120 Morse Road 
Columbus 43229 
Tel: (614) 846-1300 


OKLAHOMA 

6301 М. Meridian Avenue 
Oklahoma City 73122 
Tel: (405) 721-0200 
TWX: 910-830-6862 


OREGON 

Westhllls Mall, Suite 158 
4475 S.W. Schotls Ferry Road 
Portland 97225 

Te!: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 
2500 Moss Side Boulevard 
Monroeville 15146 
Tet: (412) 271-0724 
TWX: 710-797-3650 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215} 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434-5535 
TWX: 710-381-7573 


*TENNESSEE 
Memphis 
Tel: (901) 274-7472 


TEXAS 

P.O. Box 1270 

201 E. Arapaho Rd. 
Richardson 75080 

Tel: (214) 231-6101 
TWX: 910-867-4723 


P.O. Box 27409 

6300 Westpark Drive 
Suite 100 

Houston 77027 

Tel: (713) 781-6000 
TWX: 910-881-2645 


231 Billy Mitchell Road 
San Antonia 78226 
Tel: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel; (801) 487-0715 
TWX: 910-925-5681 


VERMONT 

Р.О. Box 2287 

Kennedy Drive 

South Burlington 05401 
Tel: (802) 658-4455 
TWX: 510-299-0025 


VIRGINIA 

Р,0. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 285-3431 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tei; (206) 454-3971 
ТИХ: 910-443-2303 


*WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey . . . Skokie, 
Ullinois. Their complete ad- 
dresses are listed above. 


*Service Only 


CANADA 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11748 Kingsway Ave. 
Edmonton 

Tel: (403) 452-3670 

TWX; 610-831-2431 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
4519 Canada Way 

North Burnaby 2 

Tel: (604) 433-8213 

TWX: 610-922-5059 


MANITOBA 
Hewlett-Packard (Canada) Ltd. 
513 Century St. 

Winnipeg 

Tel: (204) 786-7581 

TWX: 610-671-3531 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
2745 Dutch Village Rd. 

Suite 206 

Halitax 

Tel: (902) 455-0511 

TWX: 610-271-4482 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
1785 Woodward Dr. 

Bttawa 3 

Tel: (613) 255-6180, 255-6530 
TWX; 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd, 

Rexdale 

Tel: (416) 677-9611 

TWX: 610-492-4246 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Pointe Claire, al 


the complete address listed 
above. 
CENTRAL AND SOUTH AMERICA 
ARGENTINA CHILE ECUADOR NICARAGUA PERU URUGUAY 
Hewlett-Packard Argentina Héctor Calcagni y Cia, Ltda. Laboratorios de Radio-Ingenieria Roberto Terán G. Compania Eiectro Medica S.A. Pablo Ferrando S.A. 
$.А.С.е.1 Casilla 16.475 Calle Guayaquil 1246 Apartado Postal 689 Ave, Enrique Canaual 312 Comercial e Industrial 
Lavalle 1171 - 3° Santiago Post Office Box 3199 Edificio Terán San Isidro Avenida Italia 2877 
Buenos Aires Tel; 423 96 Quito Managua Casilla 1030 Casilla de Correo 370 
Tel: 35-0436, 35-0627, 35-0431 Cable: CALCAGNI Santiago Tel: 212-496; 219-185 Tel: 3451, 3452 lima Montevideo 
Telex: 012-1009 Cable: HORVATH Quito Cable: ROTERAN Managua Tel: 22-3900 Tel: 40-3102 


Cable: HEWPACK ARG 


BRAZIL 

Hewlett-Packard Do Вгаѕіі 
Led Ltda. 

Rua Frei Caneca 1119 

Sao Paulo - 3, SP 

Tel; 288-7111, 287-5858 
Cable: HEWPACK Sao Paulo 


Hewlett-Packard Do Brasi! 
Praca Dom Feliciano 78 
Salas 806/808 

Porto Alegre 

Rio Grande do Sul (RS)-Brasii 
Tel: 25-8470 

Cable: HEWPACK Porto Alegre 


Hewlett-Packard Do Brasil 
he.c. Ltda. 

Rua da Matriz 29 

Botafogo 76-02 

Rio de Janeiro, GB 

Tel: 246-4417, 246-2919 
Cable: HEWPACK Rio de Janeiro 


COLOMBIA 
Instrumentacion 


Henrik A. Langebaek & Kier S.A. 


Carrera 7 No. 48-59 
Apartado Aereo 6287 
Bogota, 1 D.F. 

Tel: 45-78-06, 45-55-46 
Cable; AARIS Bogota 
Telex: 44400|NSTCO 


COSTA RICA 

Lic. Alfredo Gallegos Gurdián 
Apartado 10159 

San José 

Tel: 21-86-13 

Cable: GALGUR San José 


EL SALVADOR 

Electronic Associates 
Apartado Postal 1682 

Centro Comercial Gigante 

San Salvador, Е; Salvador С.А. 
Paseo Escalon 4649-4° Piso 
Tel: 23-44-60, 23-32-37 
Cable: ELECAS 


GUATEMALA 

IPESA 

$a via 2-01, Zona 4 
Guatemala City 

Tel: 63-6-27 & 64-7-86 
Telex: 4176 Mahohegu 


MEXICO 

Hewlett-Packard Mexicana, S.A. 
de CV. 

622 Adolfo Prieto 

Col. del Valle 

Mexico 12, О.Р. 

Tel: 543-423: 23-1874 

Telex: 017-74-507 


PANAMA 

Electrónico Balboa, S.A. 

P.0. Box 4929 

Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 

Panama City 

Tel: 230833 

Telex: 3481003, Curundu, 
Canal Zone 

Cable; ELECTRON Panama City 


PARAGUAY 

LT, Melamed S.R.L. 

Division: Aparatos y Equipos 
Medicos 

Salon de Exposicion y Escritorio: 
Chile 482 

Edificio Victoria—Planta Baja 
Asuncion, Paraguay 

Tel: 4-5069, 4-6272 

Cable: RAMEL 


Cable: ELMED Lima 


PUERTO RICO 

San Juan Eiectronics, Inc 
P.O. Box 5157 

Ponce de Leon 154 

Pda. 3-PTA de Tierra 

San Juan 00906 

Tel: (803) 725-3342, 722-3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


Cable: RADIUM Montevideo 


VENEZUELA 

Hewlett-Packard De Venezuela 
C.A. 

Apartado 50933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
Cable; HEWPACK Caracas 

Telex: 21146 HEWPACK 


FOR AREAS NOT LISTED, 


CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 493-1501 

ТМХ: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8300, 034-8493 


E 8-72 


